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PREPARATION OP THIS DOCUMENT 



Ifc reoent years, there has been a remarkable increase in the production of fro Ben fish* Ibis baa 
been reflected in the growing number of request a for information and assistance received by the Food and 
Agriculture Organisation of the Uhited Kations (FAO). The preparation of thia Teohnioal Paper, as a 
Regular Programme activity of the 7AO Fishery Induatrlee Division, ia an attempt to provide the technical 
background to the eubjeota of freezing and cold storage of fish. It ia hoped that the publication will 
answer sons of the queries raised by governments, organisations and individuals and enable them to up- 
grade the quality of their frozen fish* 

in such a rapidly developing subject as f reeling it is impossible, in a short publication, to give 
an exhaustive coverage, but the document is intended to serve as an introduction and background to the 
operations and equipment involved in freezing and cold storage of fish on shore and at sea* As far as 
possible, the requirements of fish freezing industries in developing countries have been covered. 

Mr, J. Graham of the Tarry Research Station, Aberdeen, Scotland, prepared the Teohnioal Paper v in 
association with the Fish Production and Marketing Service of the FAO Fisheries Department. 
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fOHBNORD 

Freezing has developed as * wideljMused method for the preservation of fiih as food* It was deve- 
lopments in refrigeration that promoted the large-scale expansion of the lorth Atlantic fishing industry 
and the growth of worldwide shrimp and tuna fisheries. Developing oountriee are increasingly introducing 
freezing as an efficient method of storage and distribution of fish either for local consumers or export 
marietta. 

It is therefore only natural that governments, industries, various organisations and individuals 
have shown great Interest in obtaining technical information on freezing as well as storage and distri- 
bution of frosen fish. Ob many occasions the PAO Fishery Industries Division has been asked to provide 
information on technical aspects of freezing fish. Many of these requests have come from developing 
countries with the potential to introduce freeclng as a means of preserving fish for direct human 
consumption. 

The Pish Production and Marketing Service of the Fishery Industries Division of FAO's Fisheries 
Department has studied the trends and developments in the application of freezing techniques and has 
collected the information, particularly that of special interest to developing countries. Tills material , 
including the relevant parts of the recently completed "Code of Practice for Frozen Fish" has now been 
Incorporated by Mr. J. Graham in this publication "Freezing in Fisheries 9 *. Die title itself implies a 
close connexion with the PAO publication Ioe in Fisheries" 9 which deals with chilling of fish, and whioh 
was in suoh demand that it has been reprinted several times. In addition to his own experiences, and 
the information from the florry Research Station, Aberdeen, Mr. Graham has drawn freely on available 
literature and on information provided by manufacturers of refrigeration equipment. As it is not practi- 
cable to list all the contributors, a general acknowledgement is made. 

Steps will be taken to keep the content of this review on freezing in fisheries up to date, and to 
supplement it by the addition of more information, particularly relating to tropical and sub-tropical 
developing countries, as suoh information becomes gradually more available. Any comments and additional 
information on the application of freezing and oold storage In fisheries throughout the world will be 
highly appreciated. 




Labon 
Director 

Fishery Industries Division 
Fisheries Department 
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1. FRKEZIHO OP FISH 
The purpose of freezing fith 

The purpose of fretting flab ! to lower it* temperature and thus slow down spoilage so that when 
the product it thawed after oold storage It ie almost ^indistinguishable from freeh fish. 

The need for freezing and oold storage will arise when preservation of fish by other means, suoh as 
chilling with ioe, is unsuitable for the period of storage time involved. Preservation of fish by chill- 
ing may only be suitable for a number of days f or a week or two at the most, whereas good f reeling and 
oold storage will enable the fish to be kept for months or even up to a year or more* 

Preserving fish by freezing has a number of applications. If the fishing grounds are a long way 
from the port of landing and fishing tripe last many days f freezing at sea will have to be considered as 
a means of keeping the oat oh in good condition* If the consumer market is distant from the fishing port t 
f reccing may again be necessary to preserve the fish during the period of storage, transportation and 
distribution. 

Freezing may also be considered when there are periods of glut and scarcity. Fleecing at times of 
plsnty and storage at low temperature, allows fish to be marketed in accordance with demand. This is to 
the advantage of the fisherman, the processor and the consumer since it results in the regulation of 
supplies, more uniform and usually better fish quality and more stable prioes. 

The long periods of storage that good freezing and oold storage practice allow, also means that 
fish that are oaught only during short fishing seasons may be made available all the year round. 

Many fish processes involve a high investment and require a good deal of labour. Freezing the fish 
and processing at a regular rate, rather than in accordance with an unpredictable supply will mean 
better utilization of these resources. 

Preservation by freezing and cold storage is usually required if fish are to be exported. Export 
of frozen fish is often important to a developing country since expensive fish products, suoh as f rosso 
shrimp, are more valuable as foreign currency earners than as a food for home consumption. 

The many advantages of freezing are therefore obvious and, in developing countries, the requirements 
for freezing are only now arising due to the expansion of fisheries. Freezing and oold storage will 
allow this valuable protein food to be distributed to a wider market. 

few fish go bad 

A fish goes bad principally from two causes, through self-digestion and ss a result of the action 
of bacteria. Breakdown of the flesh bgr self-digestion is encouraged by the presence in the living fish 
of substances known as enzymes which remain active after the fish dies. Enzyme activity in the dead 
fish can be reduced Iqr lowering the temperature. 

Bacteria are present in the guts and on the skin and gills of the living fish and, while the fish 
is alive, most of them do no harm, and may even be beneficial. But when the fish dies, they begin to 
increase in number and invade the flesh, which they use as food. They break down the complex chemical 
substances of the flesh and produce increasing amounts of simpler, objectionable compounds such am 
ammonia; this spoilage process continues until the flesh becomes putrid and inedible. Bacterial action 
is also slowed down as the temperature is reduced. 

In addition to the above two methods of spoilage, flatty fish also deteriorate due to oxidation of 
the fat (lipid) content of the flesh, resulting in rancidity and off flavours* Again, lowering the 
temperature slows down this spoilage process. 



it by lowering the temperature of the dead fishy spoilage oan be retarded and, if the temperature 
is kept low enough spoilage oan be almost stopped. 

The freezing process alone is not a method of preservation. It is merely the means of preparing 
the fish for storage at a suitably low temperature and, in order to produce a jpod product, freezing 
must be accomplished quickly. A freeser requires to be specially designed for this purpose and thus 
freezing is a separate prooess ffom low temperature storage* 



haopana dur^nfl freezing 

fish in largely water, normally 60-80 percent depending on the apeolee, and the freezing process 
converts most of this water into lot. 

Freezing requires the removal of heat, and fish from which heat is removed fell* in temperature in 
the manner shown in Fig. 1. During the first stage of cooling, the temperature falls fairly rapidly 
to Just below C, the freezing point of water. A* more heat requires to he extracted during the eeoond 
tage, in order to turn the bulk of the water to ice, the temperature changes very little and thie stage 
ie known ae the period of "thermal arrest". When about three quarters of the water ia turned to ioe, the 
temperature again begins to fall and during thie third atage moat of the remaining water freezee. A 
comparatively email amount of heat hae to be removed during thie third stage. 
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Fig. 1 Temperature-time graph for fish during freezing 

As the water in fish freezes out as pure crystals of ice, the remaining unfrozen water contains an 
ever increasing concentration of salts and other compounds which are naturally present in fiah flesh. 
The effect of this ever increasing concentration is to depress the freezing point of the unfrozen water* 
The result ie o that, unlike pure water, the complete change to ioe is not accomplished at a fixed tem- 
perature of C but proceeds over a range of temperature. The proportion of water in the muscle tissue 
of fieh which ia converted to ice at various temperatures ia ehovm in Fi#. 2. The figure shows that 
by the time the fish temperature ie reduced to -5 C about two thirds of the water la frozen. It also 
ahows that even at temperatures as low as -30 C, a proportion of the water in the fish mupcl* still 
remains in the unfrozen state. 

Literature on the freezing of fiah ia confusing and often contradictory about what happens to fish 
as it freezes. This la particularly the case when reference ia made to the difference between alow and 
quick freezing. One of the main reasons for this apparent confusion is that only in recent years has 
knowledge of the freezing process advanced sufficiently to explain these differences in freezing rates. 
The result ia that much of the literature atill in circulation is now outdated. 

There wae an early held opinion that rapid freezing waa unsatisfactory since audden cooling was 
thought to disrupt and tear the muscle tissue. It waa alao thought that, since water expands on freezing, 
it might be reasonable to expect the cell walla to burst under the pressure aet up. There ia acme 
Justification for both of these theoriea but they do not fully explain the differencea between alow and 
quick freezing. 

For acme time, a widely held view waa that alow freezing resulted in the formation of large ioe 
cryatale which damaged the walla of the cells. Thie would then reault in a considerable lose of fluid 
when the fiah waa thawed. The smaller ioe crystals formed, when fiah ia frozen quickly, were thought to 
do little damage to the cell walls and, as a result, little fluid was lost on thawing. Difference in 
sise of ioe crystal probably accounts for aome of the differences between alow and quick freezing but it 
has been shown that this still does not provide a full explanation. The walla of fiah muscle cells are 
sufficiently elastic to accommodate the larger ice crystals without excessive damage. Also, most of the 
water in fish muscle is bound to the protein in the form of a gel, and little fluid would be lost even 
if damage of the) above nature did occur. 
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Slow freezing, however, does result in an inferior quality product and this is now thought to be 
due mainly to denaturation of the protein. 

Changes take place in some fractions of the protein as a result of freezing sad since they are 
altered from their "native" state they may be said to be "denatured" and hence, the term "protein 
denaturation". Ofcis denaturation depends on temperature and as temperature is reduced the rate of 
denaturation is reduced. Denaturation also depends on the concentration of enzymes and other compounds 
present. Thus, as the water is frozen out as pure ice crystals, the higher concentration of compounds 
in the unfrozen portion will result in an increase in the rate of denaturation. Ifcese two factors 
which determine the rate of denaturation act in opposition to each other as temperature is reduced and 
it has been demonstrated that the temperature of maximum activity is in the region of -1 to -2 C. 

Slow freezing means that a longer time is spent in this zone of maximum activity and it is now 
thought that this factor accounts for the main difference in quality between slow and quick frozen fish. 

What is quick freezing? 

There is no widely accepted definition of quick freezing. 

It is unlikely that even a trained taste panel could detect the difference between fish frozen In 
1 h and 8 h but once freezing times begin to extend beyond 1? h difference my well become apparent. 
Freezing times of up to 24 h or even longer achieved in some badly designed and operated freezers will 
almost certainly result in an inferior product. Very long freezing times, auch as those likely as the 
result of practices such as freezing fish by stacking in a cold store, may even result in spoilage >y 
bacterial action before the middle of the stack is sufficiently reduced in temperature. 

Since the temperature just below 0C is the critical zone for spoilage by protein denaturation an 
early U.K. definition of quick freezing recommended that all the fish should be reduced from a tem- 
perature of 00 to -5C in 2 h or less. The fish should then be further reduced in temperature so that 
its average temperature at the end of the freezing process is equivalent to the reoosmnded storage 
temperature of -30 C. With normal freezing practice in the U.K., this latter requirement is defined %gr 
stating that the warmest part of the fish be reduced to -20C at the completion of freezing. When this 
temperature is reached, the coldest parts of the fish will be at, or near, the refrigerant temperature 
and the average temperature will then be near -30 C. This is a rather elaborate definition of quick 
freezing and it is probably more severe than is necessary to ensure a good quality product. 

The more widely used definitions of quick freezing do not specify a freezing time cr even a frees* 
ing rate but merely state that the fish should be frozen quickly and reduced in the freezer to the 
intended storage temperature. 
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The reoosnendation that the fish should be reduced to the intended storage temperature is Important 
and this should be included in all good codes of practice for quick freezing. These two basic require- 
ments for freezing, that the fish be frozen quickly and be reduced to storage temperature 9 go together 
since it in likely that a freezer which can quick freeze fish also operates at a sufficiently low tesr- 
perature to ensure that the recomended product storage temperature can be achieved. 

Some freezing oodes and reoonnendations define freezing rate in terms of the thickness frozen in 
unit time. The freezing rate, however, is alwaya quicker near the surface of the fish, where it is in 
contact with the cooling medium, and slower at the centre. Freezing rates are therefore, only average 
rates and they do not represent what happens in practice. Average freezing rates vary between 2 and 
1 000 mm/) and to give the reader some idea what these rates represent in practice the range can be sub- 
divided ao shown in Table 1. 

Table 1 
Freezing rates 



5 to 30 mm/h 

50 to 100 mm/h 
100 to 1 000 m/h 



Slow bulk freezing in a blast room. 

Quick freezing in a tunnel air blast 
or plate freezer. 

Rapid freezing of small products. 

Ultra rapid freezing in liquefied gases 
such as nitrogen and carbon dioxide. 



One exception to the general requirements for quick freezing of fish requires special mention. 
Frozen tuna, which will eventually be eaten in its raw state as the Japanese product "Shaeimi" seemingly 
requires to be reduced to a lower temperature than other fish products. Japanese fishing vessels 
catching fish for this product operate with freezers at -50 to -60 C. Tuna is a large fish and when 
frozen whole by immersion in sodium chloride brine at a temperature of -12 to -15 C takes up to three 
days to freeze. Air blast freezing is now slowly replacing brine freezing for this purpose and opera- 
tion with very low freezer temperatures can result in freezing times of about 24 h or less. The 
exceptionally low temperatures used in these freezers of about -50 to -60 C have given rise to condi- 
tions which require special precautions to be taken to avoid low temperature brittle fracture of metal 
structures in the vessels* 

The above current requirement for air blast freezing tuna is one special case where general rules 
for quick freezing are not applied and it should be kept in mind that local requirements for particular 
products may, in some countries, give rise to others. 

Double freezing 

Double freezing means freezing a product, thawing or partly thawing it, and refreezing. This 
practice is often necessary for the production of some frozen fish products made from fish previously 
frozen and stored in bulk* What must be remembered is that even quick freezing results in quality 
changes in the fish and double freezing will therefore result in further changes. Only fish that were 
initially very fresh could therefore be subjected to double freezing and still conform to good quality 
standards. Fish frozen quickly at sea immediately after catching, for instance, would be suitable for 
this purpose. 

Cedes of practice 

Most countries have legislation which relates to the handling and processing of foods in general 
and, where appropriate, this legislation will apply when handling fish before, during and after freezing. 
fbwever, additional reoosnendations are often made, usually in the form of codec of practice, which, 
Although not enforceable ty law, can be rigidly applied tyr mutuaJ agreement of all parties involved. 
Snob oodes of practice serve as a means of maintaining uniform standards based on good practice and take 
into consideration all relevant factors. In the absence of legislation, these oodes of practice may 
4lo bo quoted in oases of dispute as the minimum standards to be applied* Adoption of * code of 
practice is therefore an e*rly step in the development of a freezing and cold storage industry* 
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For tht wider aspects of freezing, codes of practice already exist which cover moat of the likely 
requirement* of a developing country with an expanding fish freezing industry. A number of these art 
listed below with a brief eumnary of their contents. 

Code of Practice for Frozen Fish. FAQ Fisheries Circular Mo* U r i (Revision 2) IQ/Hf. General advice ifc 
Ehglieh, French and Spanish on the production, storage and distribution "of frozen fish. The code oovere 
the freezing of fiah at eea and on shore and it also deals with oold storage, packaging! transport and 
thawing of frozen fish and fish products. The code does not cover all the potential variations in 
freezing and cold storage practice but the Information given can form the basis for more specialised 
codes which can take into account local and national requirements. 

This code of practice is a companion document to this one, and each complements and supplements the 
other. 

This code of practice for frozen fish will eventually be published as a recommended international 
code by Codex Ailment arius. 

OBCT)/IIR Draft Code of Practice for Frozen Fish, 1969. Produced in an English-French edition it 
gives guidance on quality and handling at all stages of the processing of fish into a frozen product. 
The code covers a wide range without becoming too involved in details. (OECD - Organization for 
Economic Cooperation and Development, Paris; IIP International Institute for Re frige rat ion y Paris) 

Recommendations for the Processing and Handling of Frozen Poods* IIR* 197? (2nd Edition). Produced 
in a combined English-French edit ion y the document is concerned Kith all kindn of frozen foods including 
fish and fish products. It deals with principles and with battle and applied problems y and is intended 
as a guide for international and national organizations. In many ways, it la similar in contsnt to this 
document but since it covers all frozen food products v it has a wider application. 

Guide to Refri/*erated Storage* IIR A 1976. Produced in a combined English-French edit! on f the 
document is a comprehensive and detailed guide covering all aspects of the design, construction and 
operation of cold stores. It is in a form which may be used for technical and practical study of oold 
storage and it can also be used commercially to make improvements in one of the most important links of 
the chain of refrigeration, namely refrigerated storage. 

Codex Aliment arlus Cpnimission Joint FAO/inTHO Fbod Standard Programme* The main aims of the 
Commission are to recommend product standards for international uniformity and to provide advice on how 
to meet such etandards by issuing codes of practice. Relevant codes and standards should therefore be 
the starting point for all national and local codes and allowance made, if necessary v for differences 
that cannot be resolved due to legal or other factors* These codes and standards are often detailed 
and may refer to only one cpccies or product. Until final acceptance by The Codex Alimentarius 
Commission, the codes are available as FAG Fisheries Circulars. 

National codos of practice. The majority of developed countries with well established fisheries 
have codes of practice and guidelines for their own fiohermen, processors y retailers and other 
interested groups involved in the handling and processing of frozen fish and fish products. It would 
be advisable for the authorities in developing countries to study these. They will give guidance for 
the formulation of new codes. In addition, a study of the codes will ensure that any new standards 
will be in accord with the standards of customers for frozen fish exports. 

Most codes of this type are formulated and issued by the appropriate agricultural 9 food or fishe- 
ries division of national or state governments. 

Handling of fish before free si rye 

Freezing and cold storage is an efficient method of fish preservation but it must be emphasised 
that it does not improve product quality* The final quality depends on the quality of the fish at the 
tine of freezing as well as other factors during freezing, oold storage and distribution. 

o The important requirement is that the fish should at all times be kept in a cool condition, about 
C y and the use of ioe or other methods of chilling is reoounended* 

The FAO document "Ice in Fisheries 91 PAO Fisheries Report No. 59 (Revision 1) 1975 describes in 
detail the methods of using ioe or refrigerated sea water to cool fish* 

Apart from keeping the product chilled, it is also essential to adopt a high standard of hygiene 
during handling and processing to prevent bacterial contamination and spoilage* 
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The "Recommended International Code of Praotioe for Fresh Pish", CAC/RCP 9 f 1976 issued by the 
Codex Alimentariue Commission and it* companion document the FAD "Code of Practice for frozen Pish" 
give guidance on tbie aspect of quality control. 

Advice on handling fieh before freezing at eea is given in Chapter 8. 

In some oountriee chemicals are ourrently used to treat fresh fieh in order to assist with such 
thinge ae colour retention and the retention, or even addition, of fluid*. The treatment of food with 
chemicals is usually subject to national and local reBtriotlona and it would be inappropriate to Bake 
any general comment on their use in this document* 

frozen fish products 

The variety of species, processes, methods of presentation and packaging available provide scope 
for the preparation of numerous fro eon fish products. These products , however, can be separated into 
two main groups, products intended for direct consumption and products Intended for further processing. 

Products for direct consumption. Individually quick frozen (iftF) products are fieh products whioh 
have been frozen as single units and which need not be thawed for subdivision or for cooking purposes. 
IQF single fillets and shrimp are two products of this type. 

The demand for IQF products has increased with the upsurge in the number of low temperature 
"freezer" cabinets both in catering establishments and in the home, IQF freezing allows for the purchase 
of a frozen product in bulk and the selection from storage of only sufficient quantities to meet 
immediate requirements. 

Other products such as small packages, cartons, blocks of fish and fish portions are also produced 
for direct consumption without the need for reprocessing. The consumer will purchase this type of 
product from the retailer, still in the JTrozen state, and either oook it in the frozen state or thaw it 
for immediate consumption. In this lattVr case, the consumer does not require low temperature storage, 

The production of products for direct consumption may not yet be appropriate in many developing 
countries. This type of product requires the provision of an extensive network of refrigerated storage 
and transport. This facility, which is popularly known as the "cold chain", may not be developed fully 
enough to enable this system to operate* 

Products for further processing. Ibese products are pzx>duced for two purposes. 

(1) The product is frozen in bulk and when thawed after storing, can be used in the many ways 
that newly caught, unfrozen fish may be used. 

(2) The product is frozen in bulk and after storage it may be further processed without thawing 
so that it may be presented as a retail pack. 

Products frozen in bulk oan be unprocessed, such as blocks of whole fish frozen in contact freezers. 
Block* of frozen fish may weigh up to 50 kg; they are usually glazed or wrapped after freezing and are 
then stored until required for further processing. 

In some oases, fish are bulk frozen, stored and finally thawed all In one plaoe. This is usual 
when there is a short seasonal fishery and fish are preserved for processing over a longer period. 
Bulk frozen fish may also be distributed in the frozen etate. This enables the fish to be sold to a 
larger boas market and also allows the product to be exported. In this case there is an additional 
requirement for low temperature transport and a more extensive cold chain. 

Pish frozen in bulk may also be fully processed before freezing and only the skinless, boneless 
portion used, fee particular process of this type worth special mentioning is the production of frozen 
fillet blocks. A frozen fillet block is a regular shaped block of fish flesh frozen in a horizontal 
plate freezer within a treated cardboard carton and a metal retaining frame (Pig. 3), Special care is 
taken tc ensure that there are no voids in the block, and skilled operators aad special techniques are 
therefore required. After freezing, the blocks say be stored in bulk and at a later date out into 
smaller portions cf different shapes. 

Ifee fish portions may then be packaged end eold in this form or they may be coated with a How 
batter and breadcrumbs. Coated fish portions should be returned tc the freezer and rehardeaed before 
packaging and storing* 
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METAL TRAY/ FREE7ER PLATFS *' 

LOADING ARRANGEMENT 

Fig. 3 Packaging and loading arrangement for making 
fillet blocks in a horizontal plate freezer 

Hie type of frozen fish product and the form in which it is produced in a particular country may 
depend on the extent of the cold chain as well as on the demands of the consumer. It therefore 

seems likely that in most developing countries a bulk freezing process will be the initial development. 

This will enable the industry to cater for seasonal variations and allow a wider distribution of the 

fish oat oh. Other frozen products will follow later when the industry develops and the cold chain is 

extended. 



2. FREEZERS 

There are now many different types of freezer available for freezing fish, and freezer operators 
are often uncertain about which type is best suited to their needs. 

Three factors may be initially considered when selecting a freezer; financial considerations, 
functional considerations and feasibility. 

Financial considerations will take into account both the capital and running cost of the equipment 
and also likely losses such as product damage and dehydration. Bbrpensive freezers should therefore 
justify their purchase by giving special benefits and, if these benefit* are not worthwhile, they may 
not need to be considered. 

Functional cons ide rations will take into account such things as whether the freezer is required 
for continuous or batch operation and also whether the freezer is physically able to freeze the product. 
For instance | a horizontal plate freezer would be inappropriate for freezing large whole tuna. 

Feasibility will take into account of whether it is possible to operate the freezer in the locality 
of the plant, i liquid nitrogen freezer (LHF), for instance, may be suitable in every respect for 
freezing the product and the high costs of using this method of freezing may be Justified* However, if 
the location of the plant is such that there can be no guaranteed supply of liquid nitrogen, the freeser 
should not be considered. 

Initial considerations such ss those mentioned above will eliminate many freezers from the final 
ohoioe but still leave many options open to the freezer operator* TBS final selection will depend on 
the individual circumstances and to enumerate all the possibilities would be sa endless tssk. In order 
to give the reader some guidance in both selection sad use of freezers, descriptions of the various types 
now available for freezing fish are given. The types of freezer likely to be used la developing coun- 
tries, especially where freezing is a relatively new process, are those that have already been widely 
used for freezing fish aad have therefore been wall triad and tested. Freezers in this category arm 
described more fully than others* 
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of freezer 



The three basic methods of freezing fish arei 

(1) Blowing * continuous stream of oold air over the flub - Air blast freezers. 

(2) Direct oontaot between the fish and a refrigerated surface - oontaot or plate freezers. 

(3) iMMtrsion in or spraying with a refrigerated liquid - immersion or spray freezers* 

Air blast freezers* The big advantage of the blast freezer ! its versatility. It can cope with 
a variety of irregularly shaped products and whenever there is a wide range of shapes and si see to be 
frozen, ths blast freezer is the best ohoioe. Jfc>w*vr 9 because of this versatility it is often diffi- 
cult for the buyer to specify precisely what work he expects it to do and, onos it is installed, it is 
all too easy to use it incorrectly and inefficiently. 

Before going on to describe the various types of air blast free re r t it is neoeeeary to dsal with 
SOBS of ths basic principles of air blast freezer design and operation. 

Designing air blast freezers. The use of air to transfer heat from the product being frozen to the 
refrigeration system is probably the most common method used in commercial refrigeration. The natural 
convection of the air alone would not give a good heat transfer rate, therefore, forced convection by 
sans of fans has to be introduced. To enable the product to be frossn in a reasonable tins ths air 
flow rats should be fairly high. Also, in order to obtain uniform freezing rates throughout ths freezer, 
ths air flow requires to be substantially the same over each fish or package. 

examination of Fig. 4 shows that at very low air flow rates the freezing time is long* A singla 
fillet for instance will take 4 times as long to freeze in the relatively still air in a oold store as 
it would in * properly designed air blast freezer. Pig. 4 also shows that at high air speed, which also 
means high fan power, freezing times will change very little with further increases in air speed. A 
design air speed of 5 m/s has been found to be a good compromise between slow freezing rates and high 
fan costs and this air speed is recommended for moat air blast freezers. 



CO 
K 



OPTIMUM 
^ AIR SPEED 

FOR BULK AIR 
BLAST FREEZERS 

FREEZING TIME - 

Fig. 4 Variation of freezing time with air speed 
in an air blast freezer 

Continuous air blast freezers may economically justify air speeds in exoese of the at 
value. Continuous freezers are expensive and require a good deal of floor space. If the air speed is 
increased and the freezing time reduced, a nailer freezer will be required for a given freezing capa- 
city. Ifee savings in freezer costs may therefore Justify the use of higher air speeds. Air speed* as 
high as 10 to 15 m/s Bay therefore be economically justifiable for continuous freezers. 



air How over the surface of a product being frozen cannot be measured. In reality the air 
adjaoent to the surface of the product is usually stagnant due to the friction between the air and the 
of the product. This etagnant air forms a boundary layer which acts as a resistance to heat 
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tranfer and it* thickness depend* on Air velocity, degree of turbulence and other factors. The alp 
speed* quoted for air blast freezers are therefore only average speed* for the e paces between the fish 
or packages of product being frozen. A simple example which shows how this average air speed Is derived 
ie shown diagrammatical Ijr in Pig. 5* 




Fig* 5 Calculation of average air speed in an air blast freezer 



Calculated crosn sectional area of 

tunnel | 1*1x1.0 -1.1 

Calculated cross sectional area of produce 

and trolley (shaded areas) -0.7 

Air flow (obtained from fan rating or 

measured in open part of tunnel) -2.0 sr/s 

o r\ 
Calculated average air velocity, i T * * 5 m/s 

I.I U* ( 



Another aspect of air flow rate that has to be considered in the design of a freezer is the permit- 
ted temperature rise over the product* If the temperature rise is too great, there will be differences 
between the freezing times of products placed upstream and downstream in the freezer space. The dif- 
ferences in free sing time can be calculated by the method shown in Chapter 3* If the air temperature 
rise in the freezer is too small then it is likely that the freezer design is poor, and more powerful 
fans than necessary are being used to maintain the recommended air speed. In other words, the quantity 
of air being circulated is too high* Pig* 6 shows examples of good and bad freezer layouts which demons- 
trate this point. 




FAN HEAT 

UOAD 11000 kcal/h 




'* 



DD 



keol/h 



Pig. 6 The effeot of different loading arrangements on the fan 
requirements for an air blast freezer 
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tfn in a wall dasignsd air blast fraoaor, ths fan load can account TOT 25 to 30 paroam* or too 
rafriferation requirement and in a poor design it has even baon known f0r tha fan load to axoaad tha 
product load. |5 tim i*aoommandation can bo mads about ths pamissibla iaa in temperature bat * 



air temperature riaa of 1 to 3 dagC is reasonable and may bo uaad aa a guide. Ada temperature 
riaa will dapoad on too boat loadf tttarofore it will bo higher at tho atart of a froaao than at tha and. 
HM average temperature ria i thoraforo calculated from tho total hoat aictraotad froa tha fiih and tha 
naiffiTofair oiroulitod during tho frooBin* period. Tha following aaaplo oaloulation ia uaad by my of 
illuatrationi 



Woight of fioh froaon 
Boat to bo extracted 
Free.inc tlna 
Fkn circulation rat a 
Donaitj of air 



100 kg 
90 z 100 - 9 000 koal 

2 h 
150 



Weight of air oiroulatad 
during freezing 150 at 60 at 2 x 1.45 



Specific haat of air 

Avorago rise in air temperature 



9 00 
"TOT 



OOP 



1.45 

26 100 kg 
0.24 
1.44 dogC 



Ran/ of tho fault* of air blaat froosora can bo attributed to insufficient or noi^mlfom air flow 
tho product. 

lir Mat bo directed to flow uniformly over tha product and not merely bo blown into tha froaaor 
apaoa and hopefully bo expected to find its own way to where it ie required. Air will normally take tho 
path of loaat raaiatanoa and many of tho faults of air blast froosora are duo to tho low resistance paths 
that ars available which allow tho air to bo diverted from its main work - transfer of boat from the 
surface of ths product. 

An air blast freoser fan will only work effectively if it is correctly mounted as shown in Fig. 7. 
Ibs clearance between tho fan acd tho mounting plats should only be a fow millimetres. 




PLATE WITH ^, 
CIRCULAR HOLE 



TUNNEL 

CONTRACTED TO 
SUIT FAN 



fig* 7 Bad mad food fan mounting 




COOLER 

PMPMIMMK 

for tunaal air blast froosars 
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Given ft ftrec choice, the designer should always position ths fan before the cooler. The cooler 
provide ft relatively high resistance to air How and this helps to even out the How. Air leaving ft 
radial fan ia also imparted with a swirling notion and the fine of the cooler aot as a flow- 
st might < 



When air changes direction in the freezer, there are difficulties in Mlntftining uniform distri- 
bution, and air How over the product nay be variable (Pig. 8). There are a number of ways of solving 
this problem ty using vanes, baffles and plenum chambers. In Fig.. 9 ths air is shown to be correctly 
distributed ty using suitably designed and properly spaced turning vanes. The air may also be redis- 
tributed by means of baffles whioh arm spaced so that ths pressure resistance across the section results 
in an even flow (Pig. 10). It is difficult to predict ths exact pattern required for correct redis- 
tribution of the air, and to compensate for this ths baffles are often made adjustable. This method 
adds to the total resistance of the system and may mean higher fan power and additional costs. The 
method howsvsr is very simple, allows for readjustment on site and therefore is well worth considering. 




7 Y 

Pig. 8 Poor air distribution in a tunnel air blast freezer 



6000 

AIR 

DISTRIBUTION 




Pig. 9 Oood air distribution in ft tunnel air blast freeier 
using guide vanes 




, SHELVES OF 

6000 - PRODUCE" 

AIR 
DISTRIBUTION 




^ADJUSTABLE 
BAFFLES 



Pig. 10 Qood air distribution in a tunnel air blast 
freeeer using adjustable baffles 

The third method of readjusting the air flow is to incorporate a plenum chamber (Pig. 11). This 
reduces the effects of high air velocities and gives a more uniform air flow. This system works well 
if the product imposes a comparatively high resistance to the circulation of the air* 





GOOD - SHELV OF 
AIR PRODUCE 

ni;TRiRiiTinN-~ - I I LA * G E PLENUM 

DISTRIBUTION | 1 CHAMBR EVENS 

OUT AIR FLOW 



Pig. 11 Good air distribution in a tunnel air blaet 
freeeer using a plenum chamber 

lir How over the cooler is equally as important ae air How over the product. A* already men- 
tioned, the cooler acts ae an airfreight oner and air distributor. There are however limitations to 
how effective this may be, and often, more than one cooler fan ie needed to ensure a uniform distribu- 
tion of air over the cooler surfaces. 

learly all ftir blaet freesers operate with finned tube coolers. Toe fins greatly extend the surface 
for meat exchange, and tfe* closer the fine the greater will be the surface area and too smaller the 
cooler unit, moisture loot f*om,fish during freezing and from air infiltrating into the cooler will 
eventually be deposited ee froet on the cooler surface. If this frost eventually bridges the space 
between the fins, the effective cooler surface is reduced and the freeser temperature will rise, tore 
mil also bo m greater resistance to air flow through the cooler and the air How rate mm/ be 
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oat of the water lost from the fifth is lost during the tarly stages of freezing and in some freezer 
designs, thia will mean a higher degree of froeting on florae parti of the cooler than on othera. Thia 
will effectively reduce the period of operation before a defrost is necessary. Frost build-up on th* 
cooler Is alao more prolific on the front, upatrean coils j therefore a cooler with a large frontal area 
will be able to operate longer before a defrost la necessary. The fin spacing may alao be increased 
where there ia likely to be a quick build-up of frost. 

A good freoser design should be able to operate for at leaat 6 h before a defrost ia required but 
a poor design may require defrosting every 2 h. 

Trpes of air blast freezer. There are many different designs of air blast freezer both for batch 
and continuous operation. Details are given of a number of types of air blast freezer in common use, 
with comment on their suitability for various products and methods of processing and also on their 
limitations. 

Continuous air blaat freezers. In this type of air blaat freezer 9 the fish move through the 
freezer usually entering at one end and leaving at the other. 

Fish may be moved through the freezer on trucks or trolleys or they may be loaded on a continuously 
moving belt or conveyor. 

When trucks or trolleys are used, they are loaded at one end of the freezer and progressively moved 
along the freezer aa additional trucks are loaded. Once the freezer is full, a truck has to be removed 
from the exit end before a fresh truck can be loaded. This batch-continuous operation must always allow 
the coldest air to flow over the coldest fish; otherwise fish which are wall frozen will be heated a*min 
aa new trucks are loaded. The movement of the trucks in Pig. 12 ia therefore in the opposite direction 
to the air flow in the freezing section. One difficulty with this type of freezer is that when the 
freezer ia fully loaded, a whole row of trucks has to be moved at one time. Thia ia particularly dif- 
ficult at vary low temperatures since special bearings and lubricants are required for the truck whaala 
and it la difficult to keep the trucks free of frost and ice. Trolleys have been suspended from over- 
bead rails to overcome some of these difficulties but thia equipment la cumberaoma and still not aaay 
to operate. 




Fig. 12 Batch-continuous air blast freezer with count erf low 
air circulation 



Ite avoid moving trucks within the freezer, a batch-continuous freezer can be designed with a cross 
flow air arrangement and the freezers may than be loaded from the aide as shown in Fig. 13. Again in 
thia freezer, once it haa bean fully loaded, a truck ia removed before a fresh one la added. It ia a 
simple matter to keep account of the loading sequence of the freezers by having hand-eat olook dials 
above each entrance which will indicate the time the truck or trolley will be ready Dor unloading. Thia 
oroee-flow arrangement allows a cooler with a large frontal area to be built, and frost ia alao depo- 
aited uniformly. 
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TROLLEYS 
LOADED SIDE BY 
SIDE THROUGH 
INDIVIDUAL 
DOORS -- 




/COOLER \ 



SHELVES 



OF 



PRODUCE 



PRODUCE 

* * 

IN AND OUT 



Fig* 13 Batoh-oontinuous air blast freeier with cross flow 
air oiroulation 

Continuous air blarfc freeters using belts or conveyors for Moving the product through the freeier 
only be used if the product oan be frozen quickly (Fig. 14). It is unlikely that a product with a 
f reeling time of sjore than 30 Bin would be suitable for this freeier* The reason for the limitation on 
freeiing tisjs is. that the freeier will become too long and cumbersome if a long fretting tis* is 
required. The freeting tisjs 9 the fmesing requirement in )cg/n and the loading density of the product 
on the belt determine the freeier dimensions. 



PRODUCE v 
LOADED \ 




COOLER 




COOLER 



FROZEN FISH 





CONVEYOR / 





SIDE VIEW 




r AIR FLOW ABOVE 
AND 6ELOW CONVEYOR 



END VIEW 



Mg 14 Continuous belt ir blast freeier with orossflow air 
oiroulation (alee oonstruoted with oounterourrent , 
series flew air oiroulation) 



Ths following example shows how this calculation is madei 

requirement 200 kg/h 

time 20 min 

Load on belt 200 x 53 - 66.6 kg 

Belt loading density 3 

Belt width 1 

Belt loading per unit length 2 . 3 

Belt length f - 22.2 m 

Allowing for loading and unloading of the fish outside the freezing space, the length of the 
freeser required for the above requirement would be about 25 m. 



space required for a continuous belt freeeer can be reduced if a double or triple belt is used 
(Fig. 15) f or if the belt is arranged in the form of a spiral (Fig. 16). 




Fig. 15 A triple belt air blast free&er 



Fish la direct contact with an open aeeh belt oannot be readily transferred to another belt when 
they are partially fit) sen. Double belt and triple belt freezers are therefore only suitable for certain 
products suoh mm battered mad breaded fish portions, unless certain features are built into the design 
of the freeser. The semi-fluidised freezer described later is a freeoer specially designed for this 
method of operation. 



Spiral belt freesers are mads in a variety of designs and are widely used for IV products. Some 
difficulties 9 however, have been experienced in their use. Excessive drip fro. the fish onto the belt 
before freeclng results In ice being formed between the link* and when the belt folds around the spiral, 
a considerable strain is put on the links. Fish fro sen on this belt also tends to wrinkle, again due 
tc the curvature of the belt. 

Continuous belt freesere, generally, have their own special problem*. The belt has to be flexible, 
easily cleaned, nonoorroslve, suitable for use in direct contact with food and should not interfere 
unduly with cither the freeslnrf time or adversely affect product quality. Stainless steel mesh link 
tclts cr chain link belts are mainly used for this purpose but they have certain disadvantages. Apart 
from being expensive, stainless stssl mesh sad link belts affect the appearance of the product. If fish 
are losdsd directly en ths belt, ths crinkled or indented appearance of the frosen product is act always 
acceptable. Open mesh belts also give rise to difficulty when removing the product after freezing, sad 
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might loss aey be incurred due to slight physical daaage* 3kln-on fillets can rally be rcaoved 

quit* easily tat skinless fillets and fish portion* tsnd to tick to the bolt and unacceptable weight 
lessee are likely. 




Fig* 16 Continuous air blast freezer with the belt arranged 
in a spiral 

Mastic belts Bade in the fora of interlocking links have been used in soae continuous freezers* 
This type of belt, due to its open aesh construction, only adds about 10 percent to the freesing tiae. 
If they are only used for the initial part of the freezer, the fish can be surfaoe-hardcaed and then be 
transferred to a stainless steel belt* Ibis would allow a two-belt operation in the freeser* Plastic 
belts have a rather open nosh and would not be suitable for soae saall products and where indentations 
en the surface of the fish are undesirable* In spite of these often ainor difficulties in obtaining an 
ideal belt for continuous belt freezers, aany are successfully operated for freesing a variety of 
products* 

Continuous belt freezers oan be constructed with either cross -flow or series -flow air circulation* 
In the series-How arrangeasnt, the direction of air flow oust be such that the coldest fish aeet the , 
widest air* Hie design of the belt entry and exit must keep the rate of air infiltration to a alniaua. 

In a continuous freeser, there is no scope for rearranging the voluae or space for different pro- 
ducts* Hie belt speed, however, is usually variable and this oan be adjusted to aoooaaodate different 
product freesing tiaes* The capacity of a continuous freemer can therefore vary considerably depend- 
ing on the product being frozen and its freezing tiae* Table 2 is a freezer capacity list supplied by 
the aanuffcoturcr of one type of continuous freezer and it clearly shows there is a wide variation depend- 
ing on the type of product being frozen* 



Table 2 
mrlations in the capacity cf a continuous fleeter 



l-roduot 



Prodaot thiakm*. 



Plaice fillets 

Ood 

ahrlap' 



10 
18 

9 
8 



100 

85 

.55 

150 
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Another important consideration when usiug a oontlnuoua air blaat freeser ia whether the fraaaar 
will be maad oontlnuouoly. A oontinuoua freeser left in operation but not rally loaded will fl*t riae 
to hiftor frooainf ooata por kf of produot fiosw. 



Batch air blaat frootoro* Bat oh air blast fr+sftr0 u0s palltt 9 trollaj* or aholf 
for loading tho produot* tho fraoeor ia fully loadad v and whan freezing ia oonplata v tba fraaaar ia 
aaptiad and raloadad for a further batch fraasa. Apart from thia diffaranoa in wda of oparation 9 tha 
bat oh fraaaar givaa riaa to bigger fluctuations in tha rafrigaration load than oontinuoua or batoh* 
oontinuoua fraaaara (fig. 17 ) 



Botch fr*if r - high tnttiol temperature 




Bolcti continuous freem series 

Continuous freezer r > teddy iood 



I 2 3 

TIME -HOURS 

Fig. 17 Freezer operating temperatures for different types 
of air blaat freezer 

Thia large fluctuation in refrigeration requirement means that the refrigeration system will 
require special control arrangements to cater for the changing load. Capacity control or a multi-unit 
aystsm can bo used or a competent engineer can manually control tha system to match tha load. Some 
refrigeration systems ere also batter suited to this type of variable load application than others. 




Fig. 16 Faxrtory assembled air blaat fraaaar with push 
^through tunnel for two roue of truck* 
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freeser 



H in seldom that flih processing ou be arranged so that all the fish can I 
er ftt tte MM tlM. Therefore, If Moh trolly or pallet 10 loaded as and 



be loaded into a batoh 
whoa it ie ready, the 

refrigeration peak load will bt considerably reduced. This will make the operation similar to a batob- 
ootttlauous prooees, tat again, oare should b taken not to plaoa Mam fih upttraoi of a partly frotan 



bonn in Fig* 18 ! a batoh tunnel freezer with a puah-4hrough arrangtMiit for two 
linee of troota. If thi design of froecer MM used with a batotHoontinuoui operation, warn fih oould 
be loaded upetreaa of partly frozen fish. This freezer should therefore only be fully loaded end 
operated a* a batoh freeter. 

Another batoh freeier arrangement ie shown in Fig. 19* In thin model , the trolley* are loaded 
from the eide of the freezer and the air flows across the three freezern in line* Again, if thie type 
of freeser ie operated ae a batch-continuous freezer, warm fieh could be loaded upetream of partly fro- 
fieh. The freezer should therefore be fully loaded at the start of eaoh freeze. 




TROLLEYS LOADED FROM 
SIDE OF FREEZER 



19 Batoh air blast freezer with side loading and unloading 



In some air blast freezers, the cooling coll can be at the saao level ae the working section 
(Fig. 20). This is a fairly good arrangement since the cooler acts as a diffuser and evens ot the air 
flow immediately before it is directed over the fish. 




^TROLLEYS LOADED 
FROM SIDE 



Fig. 20 Air blMt freezer 

aotinf M am air diffuser 



showing the cooler 
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Xt oaa be Mm that there ie a wide variety of air blaet freest r 
of different layout a f operating aathoda and fretting eyeteaa. 



to auit the require* 



Soao air blaat freeaor deeigna are not euitablo and eoae of the fault a that give riaa to loaf f; 
aiag tiaee art ehowa in the aeriea of diagram (Piga. 21 to 24). 




AIR FLOW OVER \ 
' PRODUdT 

Fig. 21 Room freezer with poor air flew over the surface 
of the product 
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BAD 



GOOD 



fig. 22 Bad and good loading arrangeaente for freeier 
trolley* and pallet* 



The freosor arrangeaent ehown in Fig* 21 ia tjpioal of many rooa freesere that are built . The 
oooier wait aa/ be counted at roof level, aa ehown f or ay be a f loop-mated unit* There ia no apeoial 
earn of directing the air over the fiah and therefore it generally tenda to ewirl about ia the oaptj 
epaoee in the rooa and not flow between the ehelvee or traye loaded on the pallete. Ihe reaaon for thia 
ia that the air takee the path of leaat reiietanoe and doee not readily flow through the oovparativaly 
narrow apaoaa between the product. fl air Mat be ducted ao that it hae no alternative but to now 
over the fieh. Thie ia aa ertreaely important feature of a tunnel air blaat freeeer. Many of the dia- 
earlier have good layouts which e*ow thia. 
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fho thod of stacking shown in Fig. 22 means that tho effective thickness of tho product to bo 
fxosea io increased. Thio will, in turn, result in long f rooting tit**. When thio tjrpo of package io 
to bo froftOB, either a shelf arrangement should bo uood as uhown or spacers should bo uoed oorreotlv ao 
shown in Fig. 23. 



\ 



LA 






LA 



_Jt^ WOODEN 
-*- SPACERS 



.B X BE. 

L A J 



BLOCKING 
AIR FLOW 



SPACERS RUN 
IN DIRECTION 
OF AIR FLOW 






LI*'" 

\ _j NO SPACtR ON 
_^\__ *, BOTTOM SHELF 



XSL 



SPACER ON 
BOTTOM SHELF 



BAD 



\ 



GOOD 



Pig. 23 Bad and good uae of spacers when stacking produce 
for freezing 

The incorrect sjethod of loading the pallet shown in Fig. 23 seems hardlj credible but is often uood 
la ooMoroial practice. Tho mistake can easily bo made by an operator who does not observe tho direction 
IB which tho battens on tho base of the pallet are running. Some directional narking on the top of tho 
pellet base MJ bo advisable. 




XAIR FLOW BLOCKED 
BY BACK WALL 



r 





PLENUM 



IN 

4 
"* 

OUT 



\ STOP FOR CORHECT LOCATION 
Of PALLET 

Fig* 24 Bad and good pallet positioning in an air blaot frsooor 



fao ffcttit shown in Fig. 24 can happen if there is no positive location of tho pallet in tho frooior 
IB this oaoo tho pallet has boon piiohod ia until it roaches tho back wall* AB effective, oolu- 
tioa io to provide a stop, a* ohown ia tho oorrooted arrangoojont. iio io not a partioularly good 
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of freeser tat the illustration 1* given to oho* that 
all oai**ioa la the design. 



it can bo made ooapletely ineffective duo to a 



Poor air flow over tho fish but good air flow through tho cooler will result in the fraeasr opera- 
tlaf at a temperature below tho deaign value. Poor freezing condition* therefore often aeaa a low 
product loading and tho air temperature will fall bolow tha design valuo. 

Fluidjged and *eai-fluidied freezer*. One typo of air blasjb freezer fluidlze* ti*e product with 
a *trong blaat of air fron bolow (Pig. 25). Tho product then behaves like a fluid and whoa poured into 
tha trough at one end 9 it aowe along the length of the freeeer without aeohaaioal aaeietanoe and over^ 
flow* at the exit. Thie type of freeeer haa been used Buoceas fully for euch prodaote as garden pea* 
which are readily separated and kept apart but f as yet, the freeeer has not had a wide application for 
fish or fishery products. Small oookeJ and shelled Phricpp is one of the few fish product* that ha* been 
uocees fully frozen by this aethod. 



PRODUCT 
OUT 




Fig. 25 A fluidized flow air blast freezer 

A aodifled fluidised freezer which may be termed a serai-fluidlzeti freezer ha* also been used for 
fish-freezing application* (Tig* 26). A conventional conveyor is uaed but at the early stages of free- 
zing 9 sufficient air i* blown f*x>a below the belt to agitate the product and ensure that individual 
portion* reaain separate until the outer surface has been hardened. Thin type of freezer can be u*ed 
with a double belt v with transfer from one to the other midway through the f reeving process. 



HSH LOADED HIGH SPEED AIR FLOW OPtN MESH BFLT WITH 
TO AGITATE FISH^ AIP a AST f F?OM flt'.OW 
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Fif. 26 Seai-nuidi*ed now freeser with doable belt 
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There is however some difficulty in Judging the correct air flow to produce the slight agitation 
required and a fixed flow rate la not suitable If a variety of products are to be frozen. Also, with 
products there atill remains aome difficulty in making the transfer from one belt to the other. 

A batch air blast freezer. Because of their versatility, batch air blast freezers are 



often misused by operators who do not realize their freezing limitations. 

The size of the refrigeration plant la fixed to match a given freezing requirement at the designed 
freezer operating condition. However, if the freezer is used for freezing different products which have 
different space requirements and freezing times, the freezer operating condition will change. Depend- 
ing on the original design a peel float ion, the freezer may therefore be overloaded or underloaded by a 
change in product. 

The examples shown in Table 3 show what happens when products of different freezing time are loaded 
in a batch freezer. 

Table 3 
Optimum loading of a bat oh air blast freezer 



Product 


Plant 
Capacity 

(?A) 


Load per 
freeze 
(t) 


% 
Freezing 
time 
(h) 


Loading 
frequency 


Freezing 
rate 

(tA) 


A 


1 


2 


2 


every 
2 h 


i 


B 


1 


1 


1 


every h 


1 



In both examples in Table 3 9 the freezer is correctly loaded eince the product load matches the 
plant capacity in the weight of fish that nan be frozen in 1 h. 

The above freezer would therefore be designed to hold ? t of product A and when product B la frozen, 
only 1 t will be loaded and the product distributed to given uniform air flow. If however, 2 t of 
product B are loaded into the freezer at one time, the refrigeration plant will be overloaded. 

This la probably one of the most difficult aspects of freezer operation to explain clearly but in 
simple terms it means no matter how spacious your freezer is and how much product can be loaded, you 
cannot freeze more fish than the refrigeration plant will allow. 

Good performance in batch air blast freezers IB obtained by freezing the product in open trays 
without wrapping. Trays used in air blast freezers should transfer heat readily, be easily emptied and 
also be robust. Normally they are required to produce a pack that ia of regular shape but the a idee of 
the tray will require to be tapered slightly to aosist the release of the frozen product. 

When the product allows their use, trays with a taper on the sides of about one In eight can be 
emptied more easily by applying a cold water spray on the underside for a few seconds and then giving 
a gentle tap on the edge. Trays need in this manner should never be filled above the tray edge or the 
product will be damaged during release. 

Cleaning and drying of trays before reuse is important to maintain a high standard of hygiene. 
Where the rate of production justifies the cost, an automatic tray washer may be installed. 

Plate freesers. Plate freezera and air blast freeze re are the types of freezer most commonly used 
for freezing fieh in industrial countries. Plate freezers do not have the versatility of air blast 
freezers and can only be used to freeze regularly shaped blooke and package*. 

Plate freesers nan be arranged with the plates horizontal to form * series of shelves and, as the 
arrangement suggests, they are called horizontal plate freeze re (HPP) (Pig. 27). When the plates are 
arranged in * vertical plane they form a series of bii and in this form they are called vertical plate 
freezers (IW) (Flf. 28). 




Pig. 27 Horizontal plate freezer 
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Fig. 28 Twenty-station vertical plate freezer with top 
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Modern plate freezer* have their plates constructed from extruded sections of aluminum alloy 
arranged in such a Manner as to allow the refrigerant to flow through the plate and thus provide heat 
transfer surfaces on both sides. Earlier models of plate freezer used vacuum plates constructed with 
internal pipe grid to contain the refrigerant and many of these are still in use. Haat transfer in 
these older plates IMS not good but* later models were improved and these give results comparable with 
the aluminium plate (Pig. 29)* 



PLATE 
SURFACE 



PIPE GRID 

fOR 

REFRIGERANT 



VACUUM 
SPACE 



MOB 








U*a 

tmamm 






.EXTENDED 
/ ALUMINIUM 
SFCTION 


MMM 


SQUARE 
PIPE GRID 
FOR 










yjy ' 




BTHH 

MB 
MMM 


CONTACT 




/REFRIGERANT 
SPACE 



Fig* 29 Construction of plates used in contact plats freezers 



All plats freezers are now fitted with hydraulic systems which move the plates to compact the pro- 
duos and give higher density blocks. They also improve the fish-to-plate contact area for quicker free- 
zing and assist with the release of the block after freezing. 

gorizontal plate freezers* The two main uses for this type of freezer are the freezing of prepacked 
cartons of fish and fish products for retail sale and the formation of homogeneous rectangular blocks of 
fish fillets called laminated blocks for the preparation of fish portions. The thickness of package or 
blook frozen is 32 to 100 mm and the freezer can readily adapt from the thicker to the thinner package 
provided the range required is mads known to the supplier at the time of purchase. 

Horizontal plate freezers need not be defrosted after each freeze. 

There is no direct contact between the fish and the freezer plates when freezing .by this method 
sines the fish is always packaged before freezing. If the operator is also careful not to spill water 
on the plates during loading and unloading, the freezer may bo operated with only a light brush between 
each freeze to remove surface frost, and a proper defrost may only be necessary onoe or twice per day. 
A hot gas defrost arrangement is the quickest method to defrost an HPP, but even with this method, it 
may take 30 min or more. The defrosted plate must be completely free from frost or ice and dried before 
the freezer is used again. 

Horizontal plate freezers intended to be operated with a hot gas defrost are fitted with additional 
pipework which allows the cold refrigerant to be discharged from the bottom of the freezer as the defrost 
proceeds. Without this special pipework and operating valves, a hot defrost would clear the top platee 
only and leave the cold refrigerant in the platee at the lower levels* As in all hot gas defrost sys- 
tems t the refrigeration system must have an adequate load to provide sufficient hot gas for en effective 
defrost. This system would therefore be better applied when there are two or more freezers operated 
from a common refrigeration system and each freezer will then be defrosted in turn while the others are 
in operation* 

Horizontal plate freezers are often run without a defrost daring the working day and the door* are 
left open overnight to allow the plates to defrost. Tfcis, however, is usually insufficient and water 
ie hosed on the plates to assist the defrost procedure. 

Defrosting ie easier when a secondary refrigerant ie wed or when the freezer operate* with a pump 
circulated primary refrigerant. With these systems, a reservoir of warn liquid can be made available 
for posping through the plates* 



An HP? will only operate correctly if good contact ia Bade on both the top and bottom surfaces of 
the paok or tray to be frozen. The faults shown in Pig. 30 are some of those whioh make freezing times) 
loiter than neoeesary. If the product ie froaen from one aide only due to poor contact on the upper 
mrfeoftf the freezing tiM could be three or four timee as long * the time achieved with food contact 
oa upper and lower ewfaoee. The plates of the HIP are oloeed by meane of a hydraulioally operated 
pietoa to Mk oontaot with the upper surface of the product, fhe preesure applied oan rtadily be varied 
to wit the prodaet tat 0.$ kt/a* ia common and ia increased by a factor of two as the fish 
duxia* freezing. 
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Pig. 30 Some reasons for poor performance in a horizontal plat* freezer 

Vertical plate free sera. The main advantage of using this type of freezer in that fish oan be 
frozen in bulk without any previous requirement to package or arrange on trays. The platen form what is 
in effect a bin with an open top and fish are loaded directly into thia Bpaoe. This type of freezer 
is therefore particularly suitable for bulk freezing and it haa also been extensively used for freezing 
whole fish at sea. The maximum size of block nade by thia method is usually 1 070 on x 53; on. Other 
dimensions of block, however, can be produced and blook thickness can vary from 25 to 130 ran. Hie block 
dimensions selected will depend on the fish to be frozen and also the maximum block weight that oan be 
readily handled by the operators. Maximum block dimensions and weight are limited by the physical effort 
required from the operator to lift the block, and by the ease with which he can handle the block so that 
damage to the fish is kept to a minio 



In most oases, fish can be loaded between the plates without wrappers and water need not be added 
either to strengthen the frozen block or improve the contact with the plates. Fish such as cod and 
haddock produce compact blocks with a blook density of approximately 800 kg/m3. 

With fatty fish such as herring, it has been found advantageous to use wrappers and add some water 
to fill the voids in the blook. Fatty fish do not form blocks which are as firm and strong as blookm 
made tram lean fish especially during seasons when the oil content of the fish is high. Water added to 
the block helps to strengthen the blook, protects the fish during subsequent handling and reduces the 
effects of dehydration and oxidation during cold storage. Well formed, rigid blocks are particularly 
important when freezing at sea. The frozen product is handled under particularly adverse operating 
conditions and poorly formed blocks would result in a high percentage of broken blocks and loose fish. 
Machine filleting or splitting of the fish, for instance, may be difficult if fins and tails are broken* 
Wrappers have therefore been used when freezing fatty fish in vpp to protect the exposed fish on the 
outside of the blook. A wrapper that has been found suitable for this purpose is a single layer paper 
bag, coated internally with polyethylene, and shaped to fit the space between the freezer plates. Wrap- 
pers made from polyethylene and other plastic materials were found to be difficult to handle and cons- 
tituted a danger when stacked due to slipping. 

Fish frozen with wrappers will inevitably require a longer freezing time due to the insulating 
properties of the wrapping material. Some types of wrapper would have a considerable effect on freezing 
time but the material described did not increase the freezing time by a significant amount. 

Vertical plate freezers are defrosted to release the blocks of fish after each freeze. Fish in 
Wf are in direct contact with the plates and the force required to release the blocks without a defrost 
would be excessive and result in plate damage* The defrost time for a VPF need not exceed 3 or 4 min 
if a suitable supply of defrost gas or hot liquid is available. If a primaiy refrigexwnt is used in 
the plates, a hot gas defrost is generally used and when there is a Multiple freezer installation, the 
freesers are defrosted in turn with the other freezers in operation providing the neoessaxy refrigerm- 
tion load for the compressor. When a secondary refrigerant is used, a reservoir of hot liquid has to 
to maintained and pumped through the plates to displace the cold liquid present. With this arrangement, 
it is possible to return the talk of the cold liquid to the low temperature reservoir at the start of 
defrost, and also return the warm 4efrost liquid to the tot liquid reservoir for reheating at the atari 
of the next ffcoomo* This arrangement reduces the quantity of liquid interchanged at each deftest tat 
even with this system provision most to made to maintain the liquid ohargee in both the cold and tot 
systems at the oorreot level. 
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A defrost arrangement such an those described above neons that the refrigeration pipework ! a 
good deal more complicated and expensive to install. Attempt* have been mode to asftist the release of 
the block* by coating the platee with a Ion friction plaetio Material eo that a defrost MAS unnecessary. 
Although thie worked reasonably wel! 9 a d* front was found to be essential for another purpose. When 
fish are loaded between plates at a temperature below C, they stick to the plates and do not settle 
down to fora a compact block* The result is that freezing times are longer due to the poor contact 
being made with the plates and, because of the lower block density, more storage space is required for 
a given quantity of fish. The results of some tests that clearly show this difference in loading fish 
between warn plates and plates at refrigerated temperatures are given in Table 5. The first two results 
in the table were obtained when the fish were loaded between defrosted platen. Hie last results, which 
gave low density blocks and longer freezing times, were obtained when fish were loaded between cold 
plates* 

Vertical plate freezers can be made with top, side or bottom unloading: of the blockn. Generally, 
top unloading models are preferred since the block is lifted clear of the platen and presented at a 
suitable height for handling by the freezer operator. 

Vertical plate freezers may be supplied in units with up to 30 stations and some thought has to be 
given to the selection of the correct unit size for each particular requirement. An Installation may 
cone let of a number of freezer units which are loaded in rotation. If 12 units are uncvi, and the free- 
zing cycle takes 4 h, 1 unit will be defrosted, unloaded and reloaded every ?0 rain. If this frequency 
of operation fits in with a suitable work rate and the fish can be handled in and out of the freezers 
in this time, then the 12 units are suitable for this particular application. Individual units should 
not be partially loaded, freezing commenced and the rest of the unit loaded later. A further defrost 
would be necessary and this would reheat the partially frozen fish. The freezer unit size ohould 
therefore be matched to the rate at which fish becomes available for freezing. This will ensure that 
fish are not kept waiting for the unit to be fully loaded and that the freezers arc not operated with 
partial loads for a good deal of the time. If, however, the fish supply rate and the freezer capacity 
are not matched, it is better to freeze a partial load of fish rather than wait for a full load. Fish 
can deteriorate quickly at this stage of processing, particularly if it is not chilled and also remains 
ungutted. 

The following are brief descriptions of a variety of freezers that have been used for freezing fish 
but have not as yet been widely adopted either because they are new developments or because they are 
special purpose equipment with only a limited application. 

Automat io plate freezers . This type of freezer freezes fish in cartons and is a continuous form 
of the HPP. Automatic plate freezers are specially designed for a processing line; and units with capa- 
cities of up to 2 t/h are available. Their main advantage ie that they save the labour required for 
the loading and unloading of batch plate freezers. However, when this labour saving is related to the 
total labour requirement for packing and other operations, the saving is often not significant. 

Drum freezer. This is a novel type of continuous contact freezer which has recently been re intro- 
duced and which is suitable for a variety of IQP products. The freezer is a rotating drum with pump 
circulation of a secondary refrigerant used to cool the internal surfaces. The product is placed on the 
drun and if the product surface is wet, it immediately adheres to the surface of the drum. The drum 
peed is regulated to give the appropriate freezing time for each product and on completion of one 
revolution, the frozen product is dislodged by a scraper. The drum curvature will impose its shape on 
the product to be frozen but with shrimp this is not noticeable, and with fish fillets there is only a 
light distortion if the fillets are placed so that they lie parallel to the drum axis. 

This type of freezer is compact and may well prove useful for RP fish products since the smooth 
surface of the drum and absence of a cooler that requires defrosting eliminates some of the problems 
encountered in a conventional continuous air blast freezer. Its use will however be confined to pro- 
ducts that can be frozen fairly rapidly and also to these that adhere to the drum surface. With some 
protects, there will also be difficulty in removing them from the frozen surface. 

Continuous frooaor with brine pooling. A continuous freeser with much the same layout as a oon- 
tiimow air blast freezer uses a refrifl 



iterated brine to cool a conveyor belt made from stainless steel 
sheet, fhe product to be froten is placed en the upper surface of the bolt and, as it io convoyed 
through the freeier, a refrigerated brine io sprayed onto or pumped aoroes tho lower surface. With the 
ys* circulated method, the bolt virtually floats on a layer of cold brine. Freeiing times will bo 
longer than with on BPf oinoo f|csin* io from one side only tat this can bo reduced ty incorporating 
a conventional air blast freeser syston to cool tho upper curfaoce. Freesing tines when using the brine 
only Hill *e comparable with on air Moot froeser if tho product io in tho form of thin pieooo. Ibr 
thicker prodwto, frooting tines will bo comparatively long* 
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Like tho drum freezer, this type of freezer overcomes some of the main problems encountered with 
continuous air blast freezers such as tho need to defrost cooler surfaces. DM plain stainless oonvqpor 
belt used alto makes it easy to keep clean, and the fish are readily reaoved after freezing. Wiie typo 
of freezer has not a* yot boon widoly used for freezing fish products. 

Liquid nitrogen freezer. In this freezer, tho product In brought into direct contact with the 
refrigerant (Pig. 31). 



LIQUID NITROGEN 
CIRCULATING TANS SPRAYS 




Pig. 31 Liquid nitrogen freezer 

Ttie fish on the stainless steel conveyor belt initially come into contact with the oounterourrent 
flow of nitrogen gnu at a temperature of about -50C. As the fish progrese through the freezer, the 
temperature of the cooling gas progressively falls to -196C. This initial stage of cooling in the 
gaseous nitrogen partially freezes the fish and also preconditions the product before it is passed 
below the liquid spray where freezing is completed by the boiling liquid. During this pre coo ling stage, 
up to 50 percent of the product heat is extracted and the remainder of the heat transfer takes place in 
the small area below the sprays. After leaving the spray zone, the last stage in the freezer is used 
for the fish temperature to reach equilibrium before the fish are discharged. 

If fish are cooled directly below the sprays without preconditioning, they are physically damaged 
due to the sudden change in temperature which sets up thermal stresses within the fish. 

The main advantage of the nitrogen freezer is that freezing is very quick and the physical size of 
the freezer is correspondingly small. The freezer is operated without the need for compressors, con- 
densers or coolers; therefore maintainance requirements are minimal and the power required to operate 
the freezer is very low. Liquid nitrogen cannot be retained economically in a pressure vessel and con- 
tinuous venting is required to keep the contents cool and the internal pressure down. One estimate 
given is that 0-5 percent of the stored contents is lost each day by this method. In addition, about 
10 percent has been estimated to be lost during the transfer of liquid from the tanker to the storage 
vessel although the customer is not charged directly for this loss. Tfcis method of freezing is mor* 
expensive than most others, being at least four times more costly than conventional air blast freezing, 
or even higher if the freezer is only used intermittently with partial loads. 

Although the freezer is small and there is no refrigeration machinery requirement, storage space 
and access is required for the liquid nitrogen tank. 

Die main disadvantage of this type of freezer in most developing countries is that delivery of 
nitrogen would be expensive and there may be no guarantee of regular supplies* 

Liquid freezant freezer. The liquid freessnt freezer (iff) uses a specially purified form cf 
diohlorodinaorottethane (R12) which has a boiling point of -30^0 at normal atmospheric pressure 
(Fit* 32). 

Two Methods of operation are employed depending on the product being frosem In the first method, 
the loading conveyer drops the product into a tank of freezant and, due to the food heat transfer, the 
surface is frozen almost inetantaneouely. This enables the product tc remiln as separate wits tarla* 
the rest of the freezing process. After this initial immersion, the protest is transferred to a 
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horizontal belt, and frceiing 10 completed by spraying with more refrigerant. A discharge conveyor 
finally lifts the product out of the freeser. Oh contact with the product the refrigerant evaporates 
and the vapour formed is recovered by condensation on the surface of a heat exchanger, the heat 
exchanger used for thle purpose is the cooler of a conventional refrigeration system* 
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Fig. 32 Liquid freesant freeier 



The second method of operation is the one likely to be used for most fish products. In this 
method, the fiah are sprayed with refrigerant while they are on the feed belt. This process sufficiently 
hardens the fish so that when they are dropped into the tank of refrigerant 9 they retain their shape. 

Freezing by direct contact between R12 and the fish has not yet been approved in some countries 
since there is some concern about the retention of the refrigerant in the fro Ben product. However, 
where the method has been allowed, it has proved useful for many IQF products. Freezing times are com- 
parable with those attained in nitrogen freesers but the cost of freezing is a good deal less being 
about half the cost of nitrogen free sing and therefore about double the cost of conventional air blast 
freezing. 

Although the refrigerant is recovered 9 there are small losses, and equipment manufacturers claim 
these to be between 1 and 3 percent. This loss may sound small, but in a large installation, a good 
deal of refrigerant is required for make-up, and again the operator would require to be guaranteed 
regular supplies. 

thlikc liquid nitrogen and carbon dioxide freesera, the LFF has a conventional refrigeration sys- 
tem for refrigerant recovery and all the usual requirements for the operation and maintenance of this 
type of unit are necessary. 

Carbon dioxide freeser. This type of freeser has been known for a long time sad uses carbon 
dioxide which Is usually a by-product of another Industrial process* Recent attempts have been made to 
reintrodnce freesers using liquefied carbon dioxide as a refrigerant, and batch and continuous models 
are mow available. 

ffee liquefied carbon dioxide is injected into the freeser and oomes into direct contact with the 
product. Xa this respect, it is similar in operation to an UP. With large units, it is economically 
feasible to recover the carbon dioxide and about 80 peroent of the refrigerfut used can be reliquefied 
and reeiroulated. 



Carbon dioxide can be contained in vessels at a moderate 
therefore negligible. 



and losses daring storage are 



Ugh levels ef carton dioxide in the factory air are dangerous, therefore, a fleeter using this 
refrigerant most be vented and the gas disohared outside the building. 
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Again as it the case with other types of freezer which rely on regular supplies of refrigerant, 
carbon dioxide freezers would not bo suitable for use in remote areas. 

Inoereion freezers* By using a liquid for tho transport of boat from a product t favourable free- 
sing rates can bo achieved. A liquid can transport more boat par unit volume than air but, lika air, 
a stagnant boundary layer is formed which slows tbo transfer of tha baat. Liquid* used for heat transfer 
must therefore be circulated over tba product. Uhlike air, difficult lee due to high viaooaity oftan arise 
when a liquid is used at a low temperature* Tha lower tha temperature, the higher tha vieoosity, there- 
fore, thie factor often limits the use of some liquids. 

Many other liquids that have suitable refrigeration fjv* heut transfer properties are *iot allowed to 
be used in direct contact with food. Many of tha liquids that are used are limited in their use beoausa 
they cause changes in texture and taste in the food with which they are in direct contact. 

Immersion in sodium chloride brine was one of the very first methods used to freeze fish since it 
was a logical progression from the method used to freeze block ice. 

Brine immersion freezing is still used for such fish as tuna which are intended to be marketed as 
a canned product. The fish are large and have a thick skin; therefore the uptake of salt is not great. 
Hie little salt that is absorbed ie not detrimental to the canned product since salt is usually added 
to the product before canning in any case. Fbr many other fish freezing applications 9 adverse effects 
on texture and taote of the fish due to the absorption of brine have proved to be unacceptable. Evan 
without excessive brine uptake, the surface of the fish will be coated and handling the product after 
freezing is difficult and messy. 

The most effective brine freezing technique is the use of a eutectlo solution of common salt which 
contains about 22.4 percent salt and the remainder water, and which can be maintained at a temperature 
of -21C. In order to obtain a reasonable rate of heat transfer, the brine requires to be circulated. 
However, too much agitation will damage the fish and therefore a compromise has to be made. An average 
brine velocity of about 0.2 m/s is often used and the circulation system ehould be arranged to enoure 
that there are no stagnant areas within the brine tank. 

In order to avoid a large fluctuation in temperature when the fish is added, the mass of brine must 
be far greater than the mass of fish. A ratio of at least 50 to 1 has been quoted as necessary for an 
even temperature to be maintained. The size of the cooling coil is also large since it is undesirable 
to have too great a temperature difference between the coil and the bulk of the brine. A temperature 
difference of about 1 degC has been quoted and a rule of thumb met tod dictates that tha cooling coll 
area should be about 20 times the total surface area of the fish being frozen. 

It can be seen from the above description that brine freezing requires a rather large tank, that it 
is a messy process and corrosion is an ever present problem. These disadvantages together with tha 
affect on the product have made brine freezing unattractive and the method is gradually being phased out* 
Finally, sodium chloride brine does not allow tha fish to be frozen down to a storage temperature of 
-30C. Thus if the method is used to freeze fish for storage at this temperature, there is a high oold 
store product loading. 

Some fish products such as shrimp have been frozen in syrup and salt solutions, and sugar and salt 
solutions but again there is some degree of absorption with changes in flavour* 

Other types of freezer. The reader will no doubt find other types of freezer are available en the 
market but which have not been mentioned, The design of many of these is based on combinations of two 
or more of the basio methods described. Fbr instance, a variety of freezers make use of both contact 
and air blast freezing techniques. Other freezers may be identioal in every respect with one of the 
methods described, but may use some other liquid gas or contact method for heat transfer* These freesers 
will readily be seen to be similar to one of the types described and will therefore have the aaae advan- 
tages and disadvantages* 

Cbe type of hybrid freezer requires special mention since it is still widely used. The sharp 
freezer (Fig* 33) i* one of the oldest types of freezer used for food and although its design is based 
on good principles, it does not always perform well in practice. 

A sharp freeser usually consists of a room with cooling pipes arranged as shelves, one on top of 
the other with a shelf spacing of about 25 cm* The refrigerant is circulated within the pipes and the 
protest is either plaoed directly on the ahelf if it is a large fish or package, or loaded into tnj* 
or paw* The air in the room is agitated by fans looated at roof level and usually above tho contra! 
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Fig* 33 Sharp freezer 



io attempt is usually made to direct the air uniformly over the surface of all fish in the freecerf 
therefore transfer of heat by this method is unpredictable and irregular. Contact with the refrigerated 
coils is made only over a small area and the pipes are usually well covered with frost and ice. 

Sharp freezers are often rather large units and, because the product has to bo placed on fixed 
refrigerated shelves, loading aids such as pallets and trolleys cannot be used. The time taken to load 
the freezer is therefore long and may in some oases extend to a number of hours. Freezing is usually 
accomplished overnight with a freezing time of 12 to 15 h and the equally laborious unloading procedure 
is started in the morning, this means that fish being loaded into a vehicle for transport to a store 
are often exposed to ambient conditions for long periods. If the fish are transferred directly to an 
adjacent cold store again, the methods used mean that the cold store door is left open for long periods. 

Sharp freezere are still extensively used in some countries but they are gradually being phased out. 
The sharp freezer does not fit well into modern fish processing arrangements and the freezing times 
achieved often do not conform with recommended practice. Where they are likely to bo used for some time, 
attempts should be made to streamline the loading and unloading procedures and often minor modifications 
improve the distribution of air How over the product. 

Aftf* one vat in* tattBeMLtui'wfl 



Bearing in mind that the freeser most reduce the temperature of the product to the intended tem- 
peiwtureo of storage, freesers should operate at temperatures which allow this to bo accomplished under 
the moot favourable economic conditions. Vmmn selecting the appropriate f rosier operating temperatures, 
mooommt should also bo taken of cost of equipment, operating coots, space roqulremonts, quality oommi- 
derationo and otter factors. In some types of frootor t the temperature is fixed \* the nature of their 
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method of operation, whereas in other* such as air blast and plat* frsssars, thers is scops for 
the temperature to euit any particular requirement. 

The following tabla givea eome typical operating temperaturee for varioua freeserai 

Tabls 4 
Preesser o pa rating temperature 



Type of free ear 



Opa rating temperature 
(oc) 



Bat oh air blaat 
Continuous air blast 
Batch plat a 
Continuous plat a 
Liquid nitrogen 
Liquid carbon dioxide 
Liquid freon freezant 
Sodium chlorida brina 
Drum 



-35 to -37 air 

~y } to -40 air 

-40 refrigerant 

^40 refrigerant 

-50 to -196 rafrigarant 

-50 to -70 

-30 fraon 9 -40 condenser 

-21 rafrigarant 

-45 rafrigarant 



Space requirements for freezing 

Tha apaoa required for a free ear obviously depends on capacity and alao on tha typa of freeeer. 
To cover all eventualities would therefore involve tha production of long liata to oovar all capacity 
rangaa for tha Multitude of fraasara available. Since thla la not practical, only a briaf Bant Ion will 
ba made of what mat ba taken into account whan calculating tha total freezer apaoa required. 

It oan generally ba asauaed that for a given capacity requirement, tha quicker a frecaer oan fraasa 
tha product tha amaller will ba tha physical apaoa required for tha fraacar unit. Fraaiar apaoa 9 how- 
e^ar, ia only ona factor to ba taken into account whan calculating tha total apaoa requirement. Tha 
following additional apaoa requirement* Braat alao ba considered. Some dletinotion, however, ahould ba 
made between floor apaoa required within a building and tha apaoa required in an open yard out aide tha 
covered factory area. Spaoa ia required for refrigeration machinery for most freemen but for email 
unit a | tha machinery may ba looatad above or below tha freacar unit and will not add to tha floor apaoa 
requirement. With liquid nitrogen and carbon dioxide freeware, no mechanical refrigeration ia required, 
tat atorage apaoa muat ba made available for tha refrigerant. In addition, apaoa haa to be made availa- 
ble for manoeuvring the tanker aupplying the refrigerant. 

A working area ia alao required for preparing tha product for freezing. If the flab haa to ba 
packaged before fraasing, thia apaoa haa to ba added to the f reeling requirement. Trolleye and pallets 
alao require apace and if they are doubled up to allow for a rotation ayatem to ba uaed f the floor apace 
occupied by thia equipment oan ba considerable. 

Loading and unloading tha freeier and aooeea for control or maintainanoe may alao increase the floor 
apaoe requirement. 

Space ia also required to release fish from trays and an area is required to wash t dry and store 
theae trays. 

Package* products also require space for storing the packaging material. This material is often 
printed cr marked to Identify tha product and tha company, and this requirement often means ordering in 
large quantities. 
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fetal space oan therefore be fir in excess of the actual freeser space amd comparisons made on tha 
baais of this total requirement art often completely different from those made when the freeaer vnit only 
! considered. 



Low labour requirements for loading and unloading free tiers ara oftan quotad by manufacturer* to 
imprees potantial customer*. Theet labour requirement s t however, can be misleading* Freesore which 
fraaaa packaged fiah product* without tha naad for phyvioally handling the fiah in and out of the fraaaar 
unit oan rightly be aaid to require the inlaun of labour to operate the freeser* Much of tha labour 
requirement, however, haa aerely been tranaferred to another part of tha prooeae. Labour requlreaenta 
ahould therefore be aaaeeaed aa a whole and aavinga in the freecer labour raquireajant *aj only be iden- 
tified by etudying what haa to be done before, during and after f reeving. 

Few fiah products when dumped on a oonveyor belt oan aort theaaelvee out and be loaded into a 
freeter. Claim for freexere that oan be operated in thia way ara uaually baaed on exparienoaa gained 
with other food product B f auch aa fruit and vegetablea, 

Oaloulation of freeaer refrigeration load 

Ibe individual item to be taken into account in a refrigeration load calculation depend on tha 
type of freecer* It would be inpoaaibla to include all the eventualities in one eaaple calculation; 
therefor*, a relatively aimple one ia given below for a VPP and eoae no tee have been added to help with 
other freeser calculations. 

Specification 

100 m thick blocks of flab each weighing 43 kg 

Capacity (32.4 t/dey) 

Secondary refrigerant temperature (-40C) 

Evaporating temperature (-47C) 

fiah initial temperature (10<>C) 

Cycle time (4 h) 



Humber of freesere 

32.4 t/day . 32 400 kg/day 

720 blocks/day 

- 6 cycles/day 

120 blocka/oyole 
Fiah load 



1 350 

Enthalpy at 10C . 65.9 koal/Vg 

tothalpy at -30C . 4.6 koal/kg 

Change in enthalpy 61.3 koal/kg 

Bsat to be removed . 1 350 x 81.3 - 109 7SS koalA 

fte change ia enthalpy value (the heat to be removed from the fiah during freesing) used ia the 
calculation ia obtained from febla 19 or Fig. 56 and this ia a true measured value for cod. An approxi- 
mate figure oan also be calculated by using the following values t 

(a) Spaoifio heat of fish above fixating, 0,9 koal/k*0 

(b) Latent teat of tte fiah f 60 koalAg 

(o) 8*oifio teat of fiah below 0*0, 0,4 lr<ial/\g0 
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tfting theee values, the above calculation fbr fifth refrigeration load *ould IMP 

Beat to remove on cooling to 0C f 

1 350 X 0.9 * 10 - 12 150 knal/h 

Latent boat to remove, 1 350 x 60 - 81 CXX) koal/h 

Beat to remove on oooling to -30C f 

1 350 x 0.4 x 30 1b 200 kcia/h 

Total heat to remove from fiah 10? ^50 kcai/h 

total refrigeration requirement with allowances* 

Method I - Add 30* - 109 755 * 1-3 - 142 681 koal/h 
Method II - Assume 18 h/day running 

109 755 * fj - 146 340 fcoal/h 

Theee methods give nearly the same allowance and both calculations are only wed here to show the 
reader how theee refrigeration allowances oan be applied by different dee ignore. 

In the above example, it is the freezing oycle time that is used in the calculation, not the actual 
freeiing time of the blook of fiah. Account haft therefore been taken of the time it takes to load and 
unload the fifth and any minor delay*, Thift tine is therefore More realifttio when calculating freeaer 
iae* 

The calculation of fiah load give* the refrigeration requirement to freeze the fish only. Depend- 
ing on the type of freeser used, other heat loads have to be taken into account and added to this value 
to determine the total refrigeration requirement. Some of these additional heat leads aret 

Van heat 

Pup heat from circulating punp 

Heat leak through freecer insulation 

Bsat load due to pallets 9 trays 9 trolleys 9 eto. 

Beat load due to a defrost procedure 

Beat load due to air infiltration 

Heat load due to internal lighting 

(face the total load baa been calculated, a factor is added unioh will take core of peak loading, 
all loads unaccounted for and eventual deterioration of the froeter and refrigeration equipment. There 
are no fixed rules for applying this operating factor since it will vary with the equipment and type of 
operation. Oily experience oan be used to make a fair judgement but, if no expert guidance is available, 
applying the factor of only 18 h running time in every 24 h f shown in the oaloulation 9 should make ade- 
quate provision in most oases. 

A generous allowance for refrigeration amohinery for freeiere need not, in the end, be an expensive 
addition. Even short delays due to plant breakdown or reduced performance of equipment oaa be expensive, 
especially when freesing at sea. 

*** freesers 



Burerft specification. Hie buyer should supply in writing all the information he haft about the 
products, the proposed freeser, the site and facilities available. The more facts the buyer gives, the 
eaftier It will be fbr the contractors to submit tenders that the buyer oan compare on a common basis. 



Ideally, the buyer should provide ** Mob of the following information as possible when ordering a 
blast freesers 

9to kinds of fifth product to be fromen 
Ite fthape, ftlse mud packing of each product 
The freesing time of each product 
fto product initial temperature 

cold storage temperature 

dally output for each product la metric tons or kilogrammes 
tonsil freeser working day la 
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The average air temperature required in the fr*e*er section 

The average design air speed required in the freezer section 

T^pe of air blast freesor required with sketch pl*n 

The position of froesor in factory premises with a sketch plan showing its location in relation to 

other parts of the process 

Maximum headroom available at the freezer location 

Availability and specification of present electricity and water supplies 
Reliability of electric supply and quality of water 
Maximum ambient temperature 
Spare parts required 
Availability of maintenance facilities and skilled labour for 'plant operation 

The above list is by no means exhaustive and may be added to; for instance, reference should be made to 
any local laws that may affect the siting or operation of the freezer. Moat of the information above 
will require to be supplied for other types of freeser together with additional Information that may be 
idered relevant, 

Io detail is too small to assist the supplier to provide the exact equipment to meet the buyer's 



The contractor should also supply a complete written specification of the equipment being offered 
and also a detailed sketch plan showing the layout and space requirements of the freeser refrigeration 
plant and other ancillary equipment. 

The following notes and lists will give some guidance on what information may be supplied so that 
the customer is quits clear about all details of the plant being offered. 

iefrigeration capacity is sometimes quoted in terms of the power of the condensing unit's electric 
motor. There is such a loose relationship between them that motor power is at best only a very rough 
guide. Refrigeration capacity is sometimes quoted in terms of koal/day or quantity of fish frosen per 
day without specifying what is meant by a dsy; is it 24 h or is it a working dsy of 8 h? In order to 
avoid confusion, capacity should be quoted as an hourly rate in koal^Ai and it should be made clear 
whether this is the gross capacity of the condensing unit for all duties or the net heat extraction rate 
available for freezing the fish only. If there is likely to be confusion 9 both the gross and net values 
should be given. 

Another common error is to ignore the intended operating conditions when quoting the refrigeration 
capacity. It is important that compressor capacities should not be quoted at standard rating conditions 
or any other unrelated condition. The following additional information should also be specified by the 
contractors 

Refrigeration machinery i 

umber and type of compressors 

Compressor operating conditions 

total refrigeration capacity 

Refrigeration capacity of each compressor in kllooalories per hour at design condition 

Power of compressor motore in Watte or kiloWetts 

MsTlsnsi electrical power requirement in Watts or kilowatts 

Compressor safety arrangements 

Condensers 9 number and type 

Water consumption in cubic metres per hour 

Circulating pomps for condenser 

Pan power requiprnments for condenser 

Sketch of machinery layout showing total space required 

Rsfrigeration systemi 

Refrigerant 
Qrpe of system 

Initial refrigerant charge in kilc 
Power of circulating pumps for refrigerant 
Standby anej^ejsjentS| IT any 
Method of temperature control, if any 
control limits 
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irt 



Sketch of freaser layout showing total space requirement 

Height of load for each product specified 

(fctput in metric ton* par hour or kilogrammes par hour for each product epeoified 

Output in trio tens or kilogramme* fbr normal working day- including allowance for loading 

Recommended loading procedure 

Air temperature in fraaiing aacticn 

Vurnbar and capacity of fana 

Air apaad in empty fraasar in metres par aaoond 

Air apaad ovar tha product in metres par aaoond 

Air tamparatura riaa ovar tha product 

Method of defroating 

Instrumentation auppliad 

TJrpa of inaulation 

Thioknass of inaulation in millimetre* 

Mat hod of erection of inaulation 

Type of vapour aaaling 

External flniah 

Internal finiah 

Boor arrangement 

Door heaters 

Froat heave praoaution y if any 

Light. 



3* FREEZING TIME 

Tna freezing time is tha time taken to lowar tha temperature of tha product from ita initial tam- 
paratura to a given tamparatura at ita thermal oantra. Moat fraasing oodaa of praotioa require that tha 
average or equilibrium tamparatura of tha fiah be raduoad in tha fraasar to tha intended atoraga tampara- 
tura* Hia final tamparatura at tha thermal oantra ia therefore selected to ansnra that tha avaraga fiah 
tamparatura has been reduced to this atoraga value. 

Tha recommended storaga tamparatura for frosan fiah in tha U.K. is -30C and 9 to enaure that tha fiah 
are frosan quickly, the tamparatura of tha fraasar must be lowar than this. 



Ifce surface of tha fiah in a fraasar will be quickly reduced to near tha fraasar tamparatura. 
whan tha warmest part at tha thermal oantra ia raduoad to -20 C f the average tamparatura of tha fish will 
be oloaa to tha required atoraga tamparatura of -30 C. Tha fraasing time, in thia particular case, will 
therefore be defined as tha time taken fbr tha warmest part of tha fish f at tha thermal oantra 9 to be 
raduoad to -20C. 

Variables which af f sot freezing time 

Fraasar type 

Fraasar oparating tamparatura 

Rifrigaration system and operating condition 

Air spaad in an air blast fraasar 

Product tamparatura 

Produot thioknaas 

Product shape 

Produot contact araa and density 

Produot packaging 

Species of fiah 

Tha above factors will determine tha orerall heat transfer coefficient and hanoa tha fraasing time. 

Kra+mar trpa. Tha type of fraasar will graatljr influence tha fraasing time. Ibr axampla 9 dma to 
a battar surface heat transfer coefficient 9 a product will normally fraasa faster in an immaraion fraa- 
in an air blast fraasar oparating at tha aama tampaxmtura. 

Tha ooldar tha fraasar, tha faster tha fish will fraasa. F*va*r 9 tha ooat 



of fraaaing inorsasaa wnan tha fraasar tamparatura is raduoad v and in praotioa, moat frajasara ana rtasignart 
to operate only a faw dagraas below tha raquirad atoraga tamparatura of tha product, fbr azmpla 9 plat a 
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freezers usmally operate at about -40C and blaat freezers at about -350 i*an the storage 
if ~J00* 

Jii anaad in blaat freeiei*. fte g*o**l relationahip betwaaa air apaed and freezing time la 
la 1^4 a3 tfie ibo** that fr+**lne tia* ia reduced as the air apaad la inoreaaed. This, ftowm 
a xfttfcer complicated relationship and It dapanda on a number of fatrtora. If tbt resistance to heat t 
far of too stagnant boundary layer of air la Important, changes in air apaad will amka a elgnlfloant 
difference to tlia freezing *la. X*i howaw, the package ia large and tha raalatanoa of the flah itaalf 
la tha important factor than changes la air apaad will be laaa significant. Air teoperature, air deaalty, 
air hoaldlty and air turbulanoa are other fact ore that have to be taken Into account when tha affect of 
air condition en freezing time ia considered. Son* of these factors however, may only haw a minor effect. 

Product temperature before free sing. The warmer the product, the longer it will take to freeze, 
fiah should therefore be kept chilled before freezing both to maintain quality and reduce freeiing tiaa 
and refrigeration requirement. For example, a single tuna 1 50 ami in diameter froaaa IB aa air blaat 
JTraeaar will take 7 h to freeze when the initial temperature is 35C but, only 5 h idian the temperature 
la 5C. 

Hie initial temperature of the product should therefore be given whan quoting a freezing time, 

thickness. The thicker the product, the longer ia the freezing time. For products laaa 



mm thick, doubling the thickness may more than double the freezing tine whereaa doubling a thloav 
of 100 mm or more may increase the freezing time fourfold, Tha rate of change of freezing time with 
thickness therefore, dependa on the relative importance of the resistance of the flah to haat transfer. 

Product shape. In a freezer suitable for freezing single fish, a round fish will freeze in about 
two thirds of the time taken for a flat fish of the same thickness. The shape of a fish or package has 
therefore a considerable effect on its freezing time. 

Product contact area and density. In a plate freezer, poor contact between product and plate results 
la increased freezing time. Poor contact may be due to ice on the plates, packs of unequal thickness, 
partially filled paoks or void* at the surface of the block. Surface voids are often accompanied by 
Internal voids and this also results in poor heat transfer. Apart from inoroaaiag freezing time, inter- 
nal voids also reduce the density of the blook. The relationship between time, block density and contact 
area for 100 mm blocks of white fish is shown in Table 5. 

Table 5 
Variation of freezing time with density and contact area 



Block 
dewitr 
(k/- 3 ) 


Contact 
area 

w 


Pricing 

tiM 

(h) 


800 


48 


3.0 


780 


45 


3.0 


650 


29 


3.8 


650 


21 


4.0 



The method of wrapping and the type and thickness of the wrapping material 

oaa greatly influence tha freezing time of a product. Air trapped between wrapper and product has often 
a greater influence on tha freezing time than tha resistance of the wrapping material itself. The 
fbllowlaf example llluatratee tha point. Smoked fiah in a wooden box with the lid on take 15 h to freeze 
la an air blaat freezer, amokad flah ia an aluminium box of the same shape and aiaa and with the lid oa 
taka 12 h f tat if tha lid ia taken off the wooden box, tha freezing time ia only 8 h because there ia 
no trapped air acting aa aa insulation. 



if fiah* 
i during 



the higher the oil content of a fiah toe loner ia the water content. Moat of the 

toad extracted during fmtlng ia to change the water to ioej therefore, if there la laaa water, item 

will require to be extracted to freeze tha flah. Siaoe tha fat content of oily fiah ia subject 
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to seasonal variations, it is safer to assume ths sams heat content figure used for low tin* in any 
oaloulation. Ibis also ensures that the freezer capacity is adequate whatever the spooiee of fish being 
froseiu 

of fraeftln* time 



Freezing time can bs calculated, but there is usually insufficient infoimation available to 
this oaloulation accurate. Calculated freezing times can bs fairly accurate for uniformly shaped pro- 
ducts such as blocks of fillets but, for other products with irregular shapes, oaloulation can only give 
a rough guide* Ths presence of wrappers and many other factors can make oaloulation of the freezing 
time difficult and unreliable. 

Formulae that have been used for quick calculations in ths past had to be simplified to make them 
practical. Thus thsy take little account of such things as ths initial fish temperature. Most of them 
also assume that ths fish has been chilled before freezing and that all of the heat is extracted at the 
initial freezing temperature. Calculated freezing times could therefore only be used to give an approxi- 
mation of ths true figure and could not bs ussd for designing freezing equipment. 

Modern computer techniques have now made it possible to calculate freezing times more precisely* 

Plank's formula for calculating ths freezing time of fish has boon widely ussd in a variety of 
forms. It has proved to bs particularly valuable in extending the results from experimental studies to 
oover a wide range of variables. Tims, if an accurately measured freezing time is known, others can bs 
calculated if most of the freezing conditions are similar* 

Ths more general form of Plank's equation for calculating freezing time 1st 

F.. M ingti. - ^ jra.ro 2 

L - Beat to be extracted between the initial freezing point sad final tem- 
perature (koal/kg) 

V - Specific volume of fish (* 3 /kg) 

A Temperature difference between the initial freezing point of the fish 
and the refrigerating medium (C) 



D Thickness of product in direction of prevailing heat transfer (m) 

Surface o 
(koal/W 



f - Surface coefficient of heat transfer (including effect of packaging) 
' .2n\ 



k - Thermal conductivity of frozen fish (koal/hmC) 
P and H Constants which depend on shape 

From the above formula, it oan bs soon that freezing time is Inversely proportional to the ti 
tars difference and, dspendiag on other conditions, it may also be nearly proportional to the square of 
ths product thickness. This knowledge oaa bs used to calculate other freezing times as shown in ths 
examples that follow* 

A measured freezing time of 3 h 20 m (200 min) is know for a 100 mm 
frosen in a IFF with a refrigerent temperature of -35C. 




______ * * ***!* tlms if all other conditions 

opsrating temperature is -25Ct 

Fish freeses at about -1C, therefore in ths measured freeslng time, ths effective temperature dif- 

noe is 34 degC (the difference between -35C and -1C). las effective temperature difference for 1 

the frsesing time required is 24 degC (ths difference between -250 and -10). Pressing time is 



inverssly proportional to ths temperature difference, therefore, the freezing time with an operating 
temperature of ~25C will bs longer than for a tempsraturs of ~35C and can be calculated as followss 

200 x tt - 272 min or 
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ttBM for fih product* 



/ Product 


Ftosilng 
method 


Product 
initial 
temperature 


Operating 
temperature 

(c) 


tlM 

00 (!) 




I Whole ood block 
I 100 mm thick 


fertloal 
plate 


5 


-40 


3 20 




I Whole round fish 
1 123 !- eodf 
I salmon, froeen singly 


Air blast 
5 / 


5 


-35 


5 00 




I Cod fillets 
1 laminated block 
1 57 mm thick in 
1 waxed carton 


Horizontal 
plate 


6 


^40 


1 20 




1 Haddock fillets 
50 SB thick on 
etal tray 


Air blast 
4 /B 


5 


-35 


2 05 




Whole lobster 
500 g 


Liquid nitrogen 
spray 


8 


-80 


12 




Scampi meat 
18 mm thick 


Air blast 


5 


-35 


26 




Shrimp meat 


Liquid nitrogen 
spray 


6 


~U*. 


o 5 




Single haddock 
fillets 


Air blast 


5 


-35 


13 




Packaged fillets 
50 mm thick 


Sharp freemer 


8 


-12 to -30 


15 oo 




Packaged fillets 
50 mm thick 


Air blast 
2.5 to 5 / 


5 


-35 


5 15 




Single tuna, 30 kg 


Semi-air blast 


20 


^40 


30 00 (-35) 




Single tuna, 30 kg 


Sodium chloride 


20 


-20 


21 00 (-18) 




Single tuna, 90 kg 


Semi-air blast 


20 


-50 to -60 


26 00 (-45) 




etet (1) All freemlng tlmee are to -20G at the fish centre unless otherwise stated. Other 
temperature* are gliem within the brackets after the freemlng time. 


(2) tte tlmee given are measured freemlng times, to commercial practice, these tlmee 
should be Increased tar a factor to allow for ODeratin* discrepancies. 



Calculated freezing tine 
* remain the eame and the 
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- Example 2, What is the approximate freezing time If all other condi- 



tion* remain the eame and the block thioknese in reduced to 75 MB? 

Freezing tine 10 directly proportional to the aquare of the thiokneea since in this oaee the aurfaoe 

heat tiwafcr coefficient is high and the factor relating to the thickness of the block ( P 5 ) will be 
0nall Tte new freezing tine will therefore be calculated aa follow i 

2 

200 x -22- . 200 x T$-7 - 11? *in - 1 h 52 nin 
10Q z lu uw . - 

The calculation of derived freezing tinea y aa shown, la the beat way of using freezing tine 
forvulae; when generally applied for predicting the freezing time, they can be ertremely inaccurate* 

?TIPit freezing tinea 

The freezing tinea: in Tfeble 6 are observed times for a number of fiah products and will give 
deaignsra and operators aone idea of what to expect in practice. 

It should be noted that the Initial fiah temperature for all the examples given in Table 6 ie about 
5 to 8C. Thie temperature ia typical of what can be expected if fiah are chilled before freezing and 
it makes allowance for the fiah warming up during handling. 



4* TREATMENT OP FI3R AFTER FREEZING 

As soon aa fiah are removed from a freezer, they ahould be glazed or wrapped unless they have been 
packaged before freezing and immediately transferred to a low temperature store. When it ia known that 
storage will be for a short period only, glazing or wrapping may not be necessary or practical. BlookB 
of whole cod frozen at aea, for instance, are usually transferred to the oold store without a protective 
wrapper or glaze but thia nay be added later before long term storage on shore. However, even during 
relatively abort terms of atorage, fiah without a protective wrapper or glaze can be severely dehydrated 
in a poorly designed or operated store. 

Glazing 

The application of a layer of ice to the surface of a frozen product by spraying, brushing on water 
or by dipping, is widely used to protect the product from the effects of dehydration and oxidation. Rte 
ioe layer sublimes ratjier than the fish below and it also excludes air from the surface of the fiah and 
thereby reduces the rate of oxidation. Heat added by the glazing process ia often considerable and the 
flan nay require to be re coo led in a freezer before being transferred to the oold store. 

In order to form a complete and uniform glaze on the aurfaoe of the fish, the glazing prooeaa 
requirea to be oloaely controlled. The amount of glaze applied dependa on the following faotorai 

Olacing tine 
Fiah tenperature 
Water tenperature 
Product aize 
Product a nape 

Glazing by dipping in a container of water ia not r commended. The initial tenperature of the 
water nay be relatively high; thia 10 reduced aa glazing proceeds and the thiokneea of glase will there- 
fore vary. The glaie on HOP fillet a haa been ahown to vary between 2 and 14 percent uaing thia method, 
even when the inmereion tine waa kept constant. In practice, the tine will not be constant and thia will 
be another variable which will give rlae to even more irregular glazing. The water* nay alao beoone 
oonteninated after aone time} therefore, tot method 10 alao not reoonmended for thie reaaoiu If a dipping 
method la uaed to apply a glaze, the container ahould be continuously eupplied with water and fitted 
with an overflow. 

Spray glazing method* are aui table, but again it ie difficult to obtain a completely uniform glaae 
and a food deal of effort 10 required to turn over the fiah to ensure that all aurftoee are treated. 

the dip-eprayclaaer ohowa in fig* 34 haa a amber of featurea which enable a complete and unif&m 
glaae to ho applied. 
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(1) A constant ipeod belt will ensure a fixed time in the glaaim* tome* 

(2) ffeo water level in the trough in adjustable to ensure that the lower surface ie glased but tke 
froten prodttot does not float j 

(3) Ihe overhead spray provide a constant supply of make-up water and glases thi upper surface 
of the produetf 

(4) Ibc adjustable baffle may be used to rearrange overlapping flab on the belt 10 that eaoh fleh 
le totall/ exposed | 

(5) The aethod uses half the quantity of water required for automatic glasera using open moon belte 
and operated with sprays froei above and below. 



AOJSTABLE 
BAFFLE 
X" 



SPhA, 



GLARED FIUFTS 




OVER FLOW 



ADJUStABlE WATER I 
TROUGH 



PI ASTIC BELT' 
CONVFYOR 



Fig. 34 A dip-spray glacer for glacing fieh 

Olasing when the fish temperature ia at -70C or lower result* in a glame whioh ie fractured and 
broken due to thermal street daring the format ion of the ice. This glaze is easily dislodged during 
subsequent handling* If the fish are immersed in the glase water for too long, a thick glaae ie foraed 
but the equilibrium temperature of fish and ice ie high and only slightly below 0C. This glace will be 
soft and easily dislodged during subsequent handling. 

Qood glasing practice can be benifioial particularly when other aspects of storage and transport 
are far from ideal f but poor glasing involving partial thawing of the fish and slow refreosing in cold 
storage may do a good deal more harm than good. 



For the protection of retail consumer packs and also for aesthetic reasons to promote sales, wrapping 
should be provided* As far as possible the packaging should be airtight to prevent oxidation of the 
product. The wrapping material should also have a high resistance to the penetration of water vapour in 
order to protect the fish from evaporation during storage. The wrapper should also be well fitted to the 
product. Air within the wrapper allows oxidation of the product to proceed. The degree of impermeability 
of a wrapper to both air and water vapour depends on the expense that can be allowed for toe r^Wging 
material. Where the qualities of a wrapper for protection of the product and for sales appeal are In 
conflict | am inner and outer wrap may be used in order to satisfy both requirements. Among the materials 
meed fer paekmging fish are waxed or plastic-coated cartons. Tfeese may be used with or without an inner 
sealed pack or protective overlapping lining. A variety of pouches or bags made from treated paper, 
plastics or aluminium foil are also widely used. The type of pack used depend* to a groat extent on 
whether the pxpduot io to bo wrapped before or after freesing. 

Frooslng times can bo considerably extended by the insulating effect of the wrapper! therefore, 
oonsiteration should be given to whether the flak should bo wrapped before or after freealng. Looeely 
packed Ma* leave air spaces within the pack and the trapped air provide* am additional resistance to 
beat transfer. Xt is not unknown for freesing times to bo doubled due to the insulating effect of this 
trapped, stagnant air. Fish packed in this manner may, however, bo frosen a good deal more quickly in 
mm air blaftt froosor if the lid is loft off ike pack until freesing ia complete to allow air to oil 
late within the 



time. 



fifth and then packaging or wrapping ie mot often an acceptable way of reducing long froeslng 
fifth aim fttiff and unyielding and therefore they cannot bo readily made Into a 
it is usually only IBP products that are frosen before packing. 
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any catering paohm consist of fibroboard outer oaooo for floh that have already been protected 
glazing and in theoe oaooo it io uoual to moo an inner overlapping lining. 



overlapping lining* 
Urge single floh aro more conveniently glazed than wrapped. 

Interleaving of good quality waxod paper or plastic material between fish in oonoumor pack* allowo 
individual fioh to bo separated from tho pack while otill frozen. This type of pack io known ao a shat- 
ter pack. 

Fioh that are bulk frozen to bo further processed after cold otorage are better to be glazed rather 
than wrapped unless, ao io tho case with herring, a wrapper io required to protect tho fioh during hand- 
ling in tho frozen state. 

Pallete with neatly stacked blocks of frozen fish oan be wrapped with a suitable plastic material 
aftor palletization. This considerably reduces exposure of the fish to the store air, thus reducing 
tho rate of dehydration. 

to ztoro 



Tho tine between unloading the product from the freezer and putting it into oold storage should bo 
ao ohort ao possible. The ourfaoo temperature of the product oan quickly rise to the thawing region at 
Mbient conditions, particularly with small pieces of fioh such a* individually frozen fillets and shrimp. 
Any packaging or processing, ouch ao glazing, carried out between freezing and oold storage, should ho 
done in premises kept ao cool ao possible and always out of direct sunlight and other radiant heat sourooo 
ouch ao roon heaters* Care nuet ho taken not to damage frozen fioh during transit from freezer to otoro* 
Although tho product seens robust, it io easily damaged by rough handling. In nany oases, tho damage 
done may not show until the fioh is thawed. This damage may mean that extra trimming of the fioh io 
required or the fioh may look unsightly and have to be sold at a lower prioe. Mechanization of the 
packaging and glazing process can help in getting the product to the store in good condition. 



5. COLD STORES 



Tho spoilage of fish dne to protein donaturation, fat changes and dehydration oan all bo slowed 
down by reducing the otorage temperature. 

Tho FAO Code of Practice for Frozen Fish recommends that frozen fioh products should be stored at 
temperatures appropriate for tho species, type of product and intended time of storage. 

The roooHondod storage temperature for all fishery products in tho U.K. io -30C and this tempera- 
ture has also boon adopted throughout Europe by at least one large public oold store operator. Spoilage 
by bacterial action in any practical sense ia completely arrested at this temperature and tho rate at 
idiioh other undesirable changes proceed io greatly- reduced. Some products can be stored safely at higher 
temperatures than tho -30C recommended providing storage is only for a ohort period. Since it io not 
alway* possible to guarantee that a product will stay in otorage no loiter than originally intended, it 
io generally safer to use tho lower reooweended temperature. 

no International Institute of to frige ret ion recommends a storage temperature of -20C for loan 
floh ouch ao ood and haddock and -30C for fatty species such ao barring and mackerel. The code aloo 
rooozmwido that for loan floh intended to bo kept in oold storage for over a year, tho storage tempera- 
tmre ohould bo -30C. 

It io seldom that a oold otoro operator oan bo sure that ho will otoro only one species or typo of 
fish, and that otorage will only bo for a limited period. Oold stores built for otorage of floh should 
preferably bo able to operate at -30C but it may be appropriate to operate at a higher temperature if 
oiroommtanoeo and relevant codes or recommendations allow. 



It hao boon calculated by an eminent authority on oold otoro design that under specific conditions, 
tho total coat of opoimting a oold otoro at -30C Io only 4 percent higher than whan operating at -20C 






r. 



Tme differonoe bstwoon total coot and running or operational ooot will bo made clear to tho reader 
njr oxmmlnlng tho oold otoro coating detailed in Chapter 7. Ino total ooot ia tho figure uood to calcu- 
late tho ooot of tho oold otorage operation aad it io therefore more realistic to moo this value 1m 
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comparisons. It can be seen from Table 7 that, although under certain circumstances fish may be 

kept at higher temperaturea, there is a distinct advantage in keeping fish at -30*0 and it is possible 
that the advantage of improved quality can more than offset the additional cost of storage at the lower 
temperature* 

Table 7 
The oold storage life of fish 



Stored at 


-10C 


-20C 


-30C 


Type of fish 


Oood Inedible 


Oood Inedible 


Oood Inedible 


White fiah 
(gutted) 


1 BO 4 BO 


4 BO 15 BO 


8 BO More 
than 
4 J 


Barring 
(ungutted) 


1 BO 3 BO 


3 BO 6 BO 


6 mo More 
than 


Smoke-cured 
white fiah 

* 


1 BO 3 BO 


3i BO 10 BO 


7 BO More 
than 
1 7 


Smoke-cured 
herring 


3 wk 2 ao 


2 ao 5 BO 


4i BO More 
than 
9 no 



Table 7 ahows the potential atorage life at varioua temperatures for various typea of fiah and flah 
producte. It ia baaed on the reaulta of experlnenta Bade over a maiber of years and the fiah uaed were 
atoned in ioe for no aore than 24 h between oatohing and freezing. All bat the amoked fiah ware glaaed 9 
packed in wooden boxes lined with parchment paper and stored* Store temperature oontrol waa within 
0.5 degC of the stated values. The qualification "inedible" in Table 7 indicates that the product 
beoones distasteful to a consumer accustomed to fresh fish. 



Precautions taken in these experiments were more rigorous than can normally be achieved in 
oial practice f therefore the figures presented in the table should be regarded as the best than can be 
achieved. Shorter storage times would therefore be expected under normal commercial practice but in 
stores where the maximum storage time is a good deal less than those in the table, the fish qualitj at 
the time of freezing may have been inferior or storage conditions were poor. 

another advantage of operating the oold store at -30C is that there is more scope for handling 
the froaen fish daring subsequent handling and transporting between stores; the lower temperature 
that a temperature rise daring this period will be less critical. 

limit in* star*** 11 ? 



*lsli proteins become permanently changed during freeaing and oold storage and 

the spaed at which this denaturation occurs depends very largely upon temperature. At temperatures not 
very fmr below freesing point, -2C for example serious changes occur rapldly| even at -lOC f the 
are so rapid than an initially good quality product can be spoilt within a few weeks. 



The rate of deterioration due to protein denaturation f however 9 
storage is at as low a temperature as possible. 



be slowed by 



that 



The Jfct of fish Bay 



unpleasantly altered during cold storage. 



Ifce addition of chemicals called antlozidaats at some stage before oold storage has so far proved 
Ineffective! bt flatty fiah can be protected to some extent either tgr gUsing or Ijy r^'mging in plastic 
baa sealed M 
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These oxidation change* take place more rapidly at higher temperatures and storage at a low t 
two la an effective Mans of slowing the rate of spoilage *or thla method. 



<ra*llt7 of fish ia oftan Judged Iqr appaaranoa 9 and colour changes which ara 
not otherwise significant oan result ia fiab tain* downgraded. The changes in tba flah flaah which 
ferine about thasa colour changes ara alao retarded at lower temperatures. 

poiunirati7"| ThTHMTTT' Dsljydration of the product is probably the major concern of the oold store 
oparator and the rate of drying oan be linked with a number of factors in cold etc re design and operation* 

When fiah gat badly dehydrated in cold storage, the surface becomes dry, opaque and spongy. As tisjs 
progresses, thaaa oonditiona penetrate daopar into the fieh until it becomes a fibroua 9 vary light 
material. Visible effect* of severe dehydration on the surface of the fiah ara known by the tera "freeser 
bum". TbiB ia an unfortunate choice of tera since the effect is unlikely to result free) fraasing in a 
properly designed freezer, and appears only after comparatively longer period* of storage in a oold store* 

Frosea fiah may dry slowly in oold storage even under good operating oonditiona. This ia undeai- 
rable for reasons othar than the nost obvious one that the product will loae weight. Drying alao acce- 
lerates denaturation of the protein and oxidation of tho fat in the fiah. Even totally iapervloua 
wrappers used to protect the product do not give full protection if the oold store operating oonditiona 
ara favourable for daaiooation within tha pack. In-pack desiccation prevails whan there is sosja fraa 
spaoa within tha wrapper and tha temperature of the store fluctuates. When this occurs y there will bo 
tisjaa whan tha wrapper is colder than the fish and moisture will then leave tho product and appear as 
frost on tha inner surface of tha wrapper. Tha total weight of tha product and package will not 
but if tha in-pack dehydration is severe 9 tha fish will have tha quality dafaots of excessive diying. 

Stora oparati* 1 ^ conditions 

Hie factor which determines tha rats at which exposed fro&en fish dehydrate in a oold store is tha 
ability of tho surrounding air to transport watar from tha surface of the fish. Tha drying effect of 
tha air depends on a number of factors. Examination of Fig. 33 shows that air at -20C oan contain 
three times as much watar vapour as air at -30C. Tha potential drying effect of tha air is therefore 
greater at tha higher temperature. Tha surrounding air will only dry tha fish if its relative husmdity 
is lass than 100 percent. Tba lowar tha relative humidity, tha higher tha drying potential of tha air 
sinoa tha more watar vapour it oan take up from its surroundings before it is saturated. Drying is 
therefore more likely whan tha air temperature is high and tha relative humidity is low, and both thaaa 
conditions ara more likely if heat is addad to tha store. This heat can enter tha store ia many ways. 
It oan be addad bgr tha product, othar products, heat leak through tha insulation, lights, air ingress, 
a parson working in tha store, and ao on. 



I ATUIATID tATIMATIO SX .M. 



RATIO 1 3 35 



* 

* 
a) 



Fig* 35 Diagrammatic illustration which shows tha relationship 

between tha moisture oontent of air at various significant 
conditions 

Oood storage ooriitions oan therefore only be attained if heat leak ia kept to a minimum and any 
heat that doaa antar tha store is .immediately transferred to tha refrigeration syatam. 

tha measured rate of dahydration from tha surfaoe of exposed froman fiah has baan fond ta nunr b 
factor of 100 betwaen a wall dasigpad and operated store and one that isbadljr daaignad and operated* 
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ffee worst stores art generally tteae which are frequently loaded with quantities of unfrosea or 
incompletely frosen fish. This imposes a high teat load and results in tte dehydration of otter products 
in stomge. Older some of the very poor storage oonditiom measured, glazing of otherwise unwrapped fish 
would onljr provide protection against dehydration for two weeks or lose. 

Ifeo inportant factor* to bo kept in Kind when designing and operating a oold store art t here f ore t 

Low temperature 

tihiform temperature 

Steady temperature 

Oood air distribution 

Minimum rato of air oiroulation 

Minimum hoat ingress 

The type of ooolor t cooling arrangement and method of operating tho oooling ajatoa art also factor* 
which relate to the quality of the atore. 

of oold store 









The Jacketed store eyvtesj (Fig. 36) is an ideal netted of com tract ion tat 
it is ooetljr. The timer storage space nn*t be completely isolated fro* the Jacket air* The inner 
lining nust therefore be oonstruoted with a naterial which does not allow an exchange of air f and Joints 
aei be well sealed. The Jacketed store construction ensures that temperature differences within the 
storage space are small and since teat ingress ia kept to a nininon, high relative humidities are 
attained and the rate of dehydration is low. The Jacketed system of storage does not require internal 
fans for air oiroulation and this ia another factor that contributes to its good quality* Tfcia system 
tea not been used widely for commercial stores principally because of the cost of oonatntotion f and the 
Jacketed system is alao not suitable if a high product refrigeration load is unavoidable, 
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Pig. 36 Jacketed oold atore 



Plain pipe grids on the roof and walla of a atore generally give good sto- 
rage conditions. Beat entering tte store through insulation is immediately transferred to tte refri- 
gerant without affecting tte product. Air ia not circulated by fans and, because tte pipe grids cover 
all tte walla and ceiling, temperatures within tte atore are fairly uniform. Ifee rate of heat transfer 
to plain pipe grids only changes slowly as frost builds up on tte surface of tte coils, and frequent 
defrosting is therefore unnecessary* Stores of this type may operate for months without tte need for 
defrost. 

dieadvantage of pipe grids is high cost. One estimate is that a gridded store will cost 

than a atore operated with unit coolers with fan circulation. Tbe grid system also 
ttet tte refrigerant charge ia considerable. Apart from) tte extra cost of tte refrigerant, cer- 
tain difficulties arise whan repairs and sminteamoe arc necessary, fhe sywtem mmst be provided with a 
vemael to hold tte refrigerant oterge whan tte cooler requires to be emptied. Pipe grids and tte refri- 
in theo-add A good deal of weight to tte interns! atore structural therefore, extra 
in tte oonatiMtion of tte atore. 
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If P 1 !* *ria are filmed, tho length of pip* roquirod to proYido tho 
, 1 ^^^ **** * *>f grid, only My to sufficient. ffco cost of 

fimad grid installation ia therefore lot* than for installation with plain pipo grid* and the? 
favourably la cost with stores wing mit coolers* Fiimod grid stores, honour, will not ham tha 
advantage of plain pipo grid atoroo in two roapoota. The grlda do not oovor tho walla and theroforo 
storage oonditiona will not bo quita aa good aa with plain grlda. Defrosting finned grida ia alao dlf- 
fioult and tho parlod batwoon dofroata will be shorter. 

fha froat on finnad grida mat never bo allowad to bridgo tha gap botwoon tha fina* If thia happam, 
tho heat traaafor aurfaoo will bo roduood bj a ratio of 10 to 1 or ov*n aoro, and tha taopoimtura of tha 
atoro will riao. Tho fina cannot bo brushed free froa froat and if a hot gaa defroat ia naad 9 watar 
will drip froa tho grida and freeue on the product. The only effective aolution ia to dofiroat whan tha 
atore ia aaprtj. Sinoo thia maj not occur at convenient intervala v griddod cold atoroa are often operat td 
long after a defroet ia naooaaarj and tho store temperature riaoa above tho doaign value. 






i ooolr 



Tho moat widely uaod method of cooling aodern cold atoraa ia by ntrTim 
of unit ooolera with fan circulation of tho air. Thia typo of cooler la generally tha cheapest to 
inatallj it oontalna a relatively snail charge of refrigerant, it can be readily defrosted without Inter- 
fering too Moh with tho atoro oonditiona and it dooa not require a heavy structure for supporting tho 
unlta. Ifeo aain disadvantage la that Many designs using this typo of cooling unit do not allow for 
unlforsj diatribution of tho air within tho store. Thia gives rlao to poor storage conditions particu- 
larly in aosja areas of tho atoro where tho air circulation la either too high or too low (fig. 37). 



HIGH AIR SPEEDS 
OVER PRODUCE 



POOR 
AIR 
CIRCULATION 



^POOLER 




Fig. 37 Ubovsn air distribution in a atoro with 
a unit-cooler with fan circulation 



Quit ooolora oan bo arranged to give relatively good storage conditions. Tho Main requlresjont ia 
that tho air should bo ducted to give uniform distribution throughout tho atoro. Dlagranoatio illustra- 
tions of aosia reooasndsd arrangements to achieve thia purpose are shown In Jigs. 38 and 39. The defrost 
prooodaro will hava a sjiniMi effect on tho store if tha cooler units are looatad outaido tha naln atoro 
and, if possible, isolated during tho dafroat procedure (Fig. 40). 




FALSE CEILING 
WITH WENT 



COOLER 
-- AND FAN 



Fig. )B Cold atoro with a false ceiling and vrot. 
to giva uniform air distribution 
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\UNIT 
,/COOLERS 



Tig. 39 Plan Yiow of a oold atoro uaiqg roof duota 
to givi uniform air distribution 




ON DUCTING 



V 



'COOLER UNIT 
OUTSIDE MAIN 
STORE 



Fig. 40 Duotod-air oold atoro with ooolor unit out id* 
tho vain atoro 



Bnltiplo unit ajatMM aro usually bottor than largo lngl unito for a martwr of roaaona. 1 aulti- 
todt ojotw fiTto aoM inraranoo in oaao of broakdoum Tho atoi* oan Dually bo aaintaiaod at ita dooign 
valo without tho nood for all unita to ho in oparation proTidod thoro ia not a high additional rofri- 
goration load duo to product and too hoaiy traffic in and out of tho atoro. Multiplo unita alao allow 
oaoh unit to ho dofroatod in aoquonoo and thia arrangoatnt haa tho loaat offoot on atorago oonditiona. 
If a hot gaa dofroat ajaton ia uaod 9 than a naltiplo unit ajatoa ia oaaontial ao that tho unita in uao 
prorido tho naoaaaaxy rofrigoration load for tha rofrigovation oonproaaor. 



With avdl unita, olootrioal dofroating ia noro ooon. fto dtfrootiag of unit oooloM in aaall 
toiw ia uaualljr automtio and oporatod bgr a tiM olook. With thia nodo of opomtion t tho tining 
of teftoata ahould ho amngod to ooiaoido with tiMa whan tho roMLgaration load ia Iow 9 uaualljr during 
tho night. 



tha aiao aad ahapo of a oold atoro oan ho rolatod to tho rato of diying of tha prodnoto. 1 
oold atoro taa a gx^ator hoat ioak in proportion to tho quaatitj of prodaot in tho atoro ainoo tha 
wlBO of a atoro inortaaoa ait a groator imto than tha ourfaoo aroa thia Mana that ona largo atoro 
it litelj to provido bottor atorago ooaditiona than two aaallor atoroa with tho aaao oapaeitjr 
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In order to keep the boat leak through the insulation to a mini BUM, the ideal shape would be a 
cube - thie provides the greatest storage epaoe for the leaet eurfaoe area. Goods can only he stacked 
up to about 8 high with the aid of fork lift trucks; therefore, in order to obtain the ideal cube 
hape for a large store, the store mint be built with multiple floors. Multiple storej stores however 
give rise to problems with handling goods in and out of the store. This is particularly relevant to 
general purpose stores which have a heavy traffic in and out. Modern stores are therefore nearly all 
single floor units with a large enough frontage to allow easy aooess for loading and unloading. 



Cold stores may be built against a rigid structure or aay be free-mtanding, and there are obviously 
basic differences in the msthods used to construct these different types. In a few cases, cold stores 
for frozen food, not specifically for frozen fish, have been constructed underground, and this type of 
construction may be considered. However, the rock of suitable quality on the intended site and *^y 
other conditions have to be met for an underground cold store to have an advantage over a more conven- 
tional structure above ground. Details on methods of cold store construction are outside the scope of 
this document but some requirements justify special mention. 

barriers. The water contained in the air within a cold store is a good deal less than the 



water held in the air outside (Fig. 35). Water in the air gives rise to a pressure and together with 
the other gases present, such as oxygen and nitrogen, account for the atmosphere pressure that we are 
all familiar with. The partial pressure exerted by the water vapour is proportional to the quantity of 
vapour present and the vapour in the air will tend to migrate from areas of high partial pressure to 
areas of low partial pressure. Hence, there is a tendency for moisture in the ambient air to pass 
through the insulation of a cold store to the area of low partial pressure within (Fig. 41 ). Nhen this 
vapour is cooled, it condenses and when it reaches the point where the temperature 10 0C, it freezes to 
form ice. This process will continue over a long period of time and the build-up of ice will eventually 
affect the insulation properties of the cold store wall and also weaken the structure of the wall or 
building. Unfortunately, the outward effects of this build-up of ice may not show for some time, long 
after the builder's guarantees have become invalid. 
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OF INSULATION 
PREVENTS 
PENETRATION 
OF MOISTURE 



Fig. 41 Diagram illustrating the function of a cold store 
vaixrar barrier 



1b prevent this type of destruction to the store insulation, a vapour barrier has to be provided on 
the ttaim side of the insulation. This vapour barrier must be complete and cover all walls, the roof 
mad the ceiling. For stores constructed against a building wall, this may be formed by applying at learnt 
two ooats of a suitable bituminous sealing compound. With prefabricated stores, a vapour barrier is 
i-ssrtj provided with the Individual sect lone, usually an outer facing of sheet metal, aad only the joints 
la this case require sealing. 

It must be remembered that water vapour behaves like a gas aad it is not sufficient merely to 
the outer surface waterproof f overlapped joints, for Instance, most be sealed. 



special precaution* to 
known as "frost heave" 
store sad structure of 



_ Low temperature stores built directly on the ground may require 
the build-up of ice below the cold store floor. The ioe format ion is 

1m particularly bad oasee, It can lead to the complete destruction of the 

building (fig* 42). 
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POSSIBLE STRUCTURAL / 
DAMAGE TO WALLS < 
AND ROOF 



FROST HEAVE OR 
"LIFTING OF THE FLOOR 



ICE FORMATION BELOW STORE 



Fig. 42 loe formation resulting in the frost heart 
of a oold store 



A* oonditiot* that givs rise to frost heave are rather oonplex einot they ara related to the typo 
and texture of ths soil, tht insulation properties, the availability of moisture, the dimensions of the 
tore, seasonal climatic variations and other factors. 

TMO Methods of preventing frost heave are comonly used. The ground below the store can be heated 
sitter bgr * low voltage eleotrioal mat in the oold store foundation or by circulating a heated liquid 
suoh as glyool though a pips grid built into ths foundation (Fig. 43). His heat for the glyool is 

Lly obtained frosj the compressor hot gas through a heat exchanger. 
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Fig. 43 Frost heave prevention using floor heating 



Aaothor msthod of preventing frost heave is to leave a spaoe below tho store for ventilation 
44), fho lowal of ths floor of a oold store is usually arranged to suit ths unloading and loadt* 
of vohiolas* ft additional height required for this facility leaves plenty of height for am air vnti- 
lAtiom spaos bslow tho insulation. If thsro is any danger of flooding, oold storo floors will bo built 
shows tho lifesly mtor lowsl and again thsro will be am opportunity to leave am air spaoe for ventilation 
Ais vwmtilaiiom arrangement should bo clearly defined and mot blocked at a later date whom ths maim 
ftmotitm of tho air spaos has loaf boom forfottam. 

ft* provlsiom of * vapour bandar and ths provision of squipmtirt far ths prsvsmtiom of frost hoav* 
OJPS prsbahly ths two moot important requirements in tho oomtruotiom of a oold stors. 
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Fig* 44 Frost heave prevention using underfloor ventilation 



_____ Air entering the store Beans not only the addition of heat but also moisture. Thin 
sjoisture will be deposited as frost on any oold surfaoe and will eventually finish up on the surfaoe of 
the cooler* Excessive air exchange should therefore be prevented to keep the oold store temperature 
steady and also reduce the frequency of defrosting. Snail air look* have been used to prevent the free 



flow of air in and out of the store but they are not popular with oold store operators (Fig* 43)* 
air look spaoe often does not allow oomplete mobility and unless this condition can be met, both doors 
are left open* The air look will therefore serve no useful purpose and merely occupies valuable space* 





MAIN 


STORE 
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LOClTT 


- INNER DOOR 



^ - OUTER DOOR 
Fig* 43 Illustration of a cold store air lock 



A curtain of air blown downward or from the side of the doorway can reduce the exchange of air 
the door is open* These air curtains* as they are called* can be a useful aid when the door is 

opened for short intervals. However* they are often abused and doors are often left open for long 

periods. 

fetches oan be used to reduce air ingress when a product is being loaded or unloaded* Batch 
opening* should be as high up in the store wall as possible to prevent excessive loss of oold air. 
Portable conveyors oan also be ased to speed up the transfer of produce. 

Store door openings oan bo fitted with an inner curtain made from overlapping strips of synthetic 
material suitable for mse at low temperatures (Fig* 46). This reduces the air exchange considerably 
without interfering too mmoh with traffic but the curtain must be maintained in good order and, as with 
the air curtain, not abused In* leaving the outer main door open* 
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SLIDING DOOR 




OVERLAPPING 
STRIPS 



fig* 46 Inner oortain of flexible tripe used to reduce 
air exchange 

Largo store* are fitted with power-operated doore whioh oan be quickly opened and closed, usually 
lOT operating pendant switches outeide and inside the doorway. Because this system ie easy to operate 
even from a moving fork lift truck, door opening tinea are kept to a minimum* Overlapping etrip ourtaine 
also be used to reduce the air exchange. 



Large stores are prorided with a loading platform which oan be adjusted to accommodate varying 
Tfthiole heights (fig* 47)* Vbi* platform must also proride adequate spaoe for quick sorting and manoeuv- 
ring of goods in and out of storage* A platform width of 6 to 10 m may be necessary for this purpose* 
The unloading area should also be roofed over so that goods being transferred in and out of the store 
are protected from direct sunlight and rain* Ibis cover also protects the doorway, whioh may ice up if 
it is exposed to rainfall. 
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fig. 47 Leading platform Dor a cold store 
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to hot oountriee, handling fro.en fish outside the low teapoimtur. storage spaoe can quickly 
result in exposed fish being warmed and even thawed. The provision of a refrigeimted working area and 
loading dook is therefore recommended for preetorago sorting and the assembly of packages for shipment. 
This loading dook should bs totally enclosed, insulated and refrigerated to a temperature of about 100. 
The area of this dook will depend on the amount of traffic and the type of store operation. Ita a public 
store where a good deal of sorting is required, this arsa may bs as much as 25 percent of the store 
floor area as shown in Pig. 48. 
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75m x 40m 
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| OVERHEAD CANOPY 



Fig* 48 Cold stors with a refrigerated working arsa 



In addition to providing a chilled working spaos 9 this refrigerated dook will act as a largo air look 
between the outside air and the low temperature air within tho stors. As much as 80 psrosnt of tho 
moisture in the ambient air will bo removed by the ooolsr in this spaos and a good dsal of preoooling 
will bs dons before this air enters the main store. This will reduce the defrost requirement for tho 
stors coolers and generally result in a more stable and lower storage temperature. 

The means of transporting goods in and out of the store and within the stors depends on the goods 
being handled y the type of cold store 9 the height of store y the need to reduce labour costs and many 
other factors that may only have a local signifioanoa. 

A liat of some of the equipment that may be considered is given belows 

(a) Transport on the level 

Two-wheeled trolleys 

Manhandled platform trolleys 

Self-propelled platform trolleys 

Manhandled or self-propelled transporting pallets 

Belt, chain or roller conveyors, either gravity or self-propelled 

(b) Eou indent for vertical handling 

Continuous elevators of various types 

Platform elevators 

Cranes 

Cant rise 

Hand-stacking equipment 

ferious types of mechanised stacking equipment 

Jbrk lift trucks, hand or power operated 
Adjustable mechanised conveyors 

Whenever possible, pallets should be used for storage of ths product. Theme divide the foods into 
unit loads which can be transported, stacked and retrieved with a mini mm of effort* Regulax^shaped 
packages or blookm oaa be readily 'palletised. Loose fish, such as those broken from blocks and other 
lrregular-haped products, oaa also be stored in pallsts with wire mesh walla* Pallet! should mot be 
stacked so that the base of one pallet rests on the produce below* Baoh pallet should therefore be 
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oomotruotod with a framework to support th pallets above. 
with safety, but onlgr if thoy aro oorrootJy stacked. 



fcnsmod pallets oan bo stacked fivo high 



fliere has boon * rooont tendency to provide pallet racking especially in publio rtoroo wfeero it io 
ofton necessary to remove a pallet from tho bottom of a stack. In a pallet racking system, tho indivi- 
dual pallets do not root on tho pallets below but are supported on a framework. This all OHO any Indivi- 
dual pallet to bo added or takon away without tho nood to broak down tho stack* In ultramodern store* y 
pallet raoks have boon motorlsed oo that there io no nood to provide so maqy passages within tho stors. 
As raoks are moved as required to allow aoooss to individual rows. This degree of mechanisation would 
only be employed when store utilisation and quick handling are critical factors. 

Attempts have boon made to standardise pallet sisos but this has not yet booomo worldwide* Pallet 
dimensions of 800 * 1 200 mm and 1 000 x 1 200 mm have boon widely usod but tho final ohoioe will depend 
on looal oiroumstanoos depending on suoh factors as tho degree of interchange of pallets outsido tho 
store, vehicle and paokago dimensions, and other transport and storage considerations. 

When a fully accessible pall eti ted system is not used, tho product should bo loadod in tho store so 
that a first-in first-out system can bo operated. This ensures that there is a correct product rotation, 
and storage times are not unnecessarily long* 

The width of passageways will depend on tho equipment usod for transporting and stacking tho product 
Details of tho space requirements of this equipment must therefore bo obtained before a decision is mads 
on tho siso of store required. 

Produce should not bo stacked directly against tho walls or floor of tho store; otherwise hoat 
entering tho store through tho insulation will pass through tho produce before being transferred to tho 
cooler* 

This transfer of hoat through tho product is one of the factors that increase tho rate of dehydra- 
tion of stored produce* In order to prevent this transfer of hoat through the product* tho following 
spaces should bo loft between tho floor y walls and roof coolers i 



Floor 
Halls 
Ceiling coolers 



too 

200 

500 



Ifco above clearances allow for free circulation of air and also a degree of manoeuvrability which 
will roduoe tho possibility of damage to tho store structure. Tho floor clearance is usually provided 
for bir tho pallet base (Fig. 49). 
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Fig* 49 Oorroot stacking in a cold store 



8toroo with plain walls will require to bo fittod with bsttsi* or some other kind of superficial 

it onsuro that too product doos mot oomo into oontaot with tho stem walls* Often a kerb 
tms wall whioh provsnts oloso stacking is sufficient. 
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Oold store layout. ifea layout of a store ia determined by tha type of prodaoa, packaging, method 
of pallatisation, accessibility required and the equipment used ftor handling. 

Paaeagewayv should be clearly defined and in the interests of aafety and quick handling* these 
abould be kept fraa fro obstruction at all time*. 

Tha floora of larga store* ara often marked off with a grid and tha (rid apaoaa numbered ao that 
tha location of goods can be recorded thus enabling quick retrieval. 

Products stored naar tha doonmja irlll ooae into frequent contact with warm aoiet air entering tha 
tore whan tha door ie open. Some fora of partition may be uaad to reduce tha effect of thla warm air 
on product* ataokad in thie area. 

^ oold ttore refrigeration load 



A food daal of axparianoa ia required to make a correct calculation of a oold atora'a refrigeration 
requirement nd thia should therefore only be dona by a qualified person. The following calculation ia 
not oomplete bat it eervee two purpose*. It allow* tha reader to make a aiailar calculation for hie own 
tore and tharaby obtain an approximate refrigeration requirement. It alec halpa tha reader to appre- 
ciate tha number of factors that have to be taken into account in calculating tha heat load and alao 
glvaa him aoma idaa of their relative importance. 

One important haat load that haa been omitted in tha calculation is tha heat gain due to solar 
radiation* Ihia factor depends on a number of conditions which are related to both tha location of tha 
atore and ita method of construction. In some oases 9 solar heat load may not be significant but in 
other inatanoeai precautions may be necessary to reduce it* effect. 

Oold store refrigeration load 
Specification 

Capacity 20 m x 10 m x 5 m - 1000m 3 
Insulation thioknass (0.25 of cork or equivalent) 
Total store surface area (771 5 a 2 ) 
Maximum ambient temperature (35C) 
Mora temperature (-3OC) 

Load, calculation 

(1) Biaulation haat leak through walla 9 roof and Hoor 

Conductivity of cork 0.037 koal/h mC 

Temperature difference 
between 35C and -30C - 65 degC 

Thickness of cork 0.25 

2 
Surface area of store 771*5 

Itet leak - 7T1 6?gf 6? * * 03 7 - 7 476 koal/fe 

(2) Air changes 

Average of 2*7 *ir changes in 24 h 

Store voltm* 1 000 m 3 

Heat gain (35C and 60* R.H. air) 40 koal/m 3 

Air change haat gain - 1 000 ^ 7 x 40 . ^ ^ ^^ 

(3) Lighta (left on daring working day) 

1 000 V -860 koal/h 
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(4) Men working 

1 man working at -30C gives off 378 koal/h 

2 men working 10 equivalent to 756 

(5) Product load 

5.5 koal/kg for fish load at an average 
temperature of -20C 

Fish loaded par day 33 000 kg 

Product load - $ j^ 5*? - 6 020 koal/h 

(6) fen load 

3 x 1/3 hp - 923 koal/n 

(7) Defrost heat 

1 defrost of 8 440 H for 1 h (recovered 
over 6 h) - 1 209 koal^ 

Total calculated refrigeration load (SUB of 

Items 1 to 7) - 23 1M koal/a 

Total refrigeration requirement 9A 

with allowances 23 744 * fg - 31 658 koal/h 

If a pejsp is used to circulate refrigerant, the heat equivalent mist be added to the oapaoitj of 
the refrigeration condensing unit but not to the oapaoitj of the room cooler* 

The minimum refrigeration requirement will be when there is only an insulation heat load and the 
fans are in operation. In this example, the minimum load corresponds to only about 30 percent of the 
oapaoity of the installed refrigeration plant. This minimum load factor will vary considerably with 
the type of store and mode of operation but some account nay have to be taken of this difference between 
the maximum and minimum refrigeration requirements. If the store is operated with a number of compres- 
sors, they can be switched on and off as required. One large compressor may be fitted with off-loading 
equipment which allows it to work efficiently on partial loads. Other arrangements can be made to cater 
for the variation in refrigeration demand* What must not happen is that a large compressor should operate 
with a low load and hence operate with a very low suction pressure or stop and start too frequently. The 
first condition is bad for the compressor and the second for the electrical equipment. 

Gold store oapaoity 

There is no method of defining cold store oapaoity that satisfies the requirements of everyone 
concerned with cold storage. 

Storage oapaoity based on the weight of produce that can be stored will depend on the storage 
density of the products and the Method of storage. Therefore, unless only one product is stored under 
closely defined conditions, this definition is obviously unsuitable* 

It Is generally agreed that it is more appropriate to define storage oapaoity in terms of the store 
volus* tat there are a number of ways in expressing this value. 

dross volmme is the volume of the refrigerated spaoe. 

is the volume that can potentially be used for storage and is the gross volume less the 
for coolers, structural requirements, doorways and ether permanent features of the store* 

is the store spaoe that can actually be utilised for storage and it takes into 

requirements for passageways, stacking equipment, the bulk density of each product and the 
relationship between package dimensions and pallet dimensions , and pallet dimensions and the available 
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Oross volume and net volume can easily be defined by devising a simple set of rules for making 
these calculation*. These store volume*, however, can only give a rough estimate of storage capacity and 
their main use may be for statistical purposes. The effective volume can only bo calculated for each 
particular case and to make the calculation with any degree of accuracy, a drawing of the store layout 
would be required together with full details of the storage conditions. Store operators should therefore 
use general statements of store capacity with care and when ordering a store, they would give full details 
of the products and the storage operation to enable the supplier to provide a store to suit the operating 
requirements with the maximum utilization of the gross storage volume. 

Ordering cold stores 

Much of the details required to be eupplied by the potential buyer of a cold store is similar to 
that given for a freezing plant and the list given at the end of Chapter 2 should be referred to. Addi- 
tional information is required however for cold store installations and the following check Hat should 
also be uaedi 

Storage capacity in t . 

Stowage rate of products in t/m 

Operating temperature of store 

Maximum ambient temperature and humidity 

Temperature control range desired 

Sketch of layout showing adjacent buildings 

Maximum stacking height of produce 

Method of storing produce with details of package and pallet dimensions together with accessibility 

required 

Maximum floor loading due to produce and handling equipment 
Type of handling equipment 
Ant if rest heave precautions required 
Vapour seal and method of application 
Maximum average temperature of produce when loaded 
Weight of produce loaded per 24 h 

Likely store utilisation (number of times door Is opened per 24 h) 
Type of insulation preferred 

Will store be built on the site or be erected from prefabricated panels 
Method of cooling preferred 
Refrigeration standby arrangement required 

In addition to the above list and the list in Chapter 2, other requirements may be mentioned which 
the purchaser may think relevant, 

Ho detail is too small to assist the supplier to provide a store to suit the purchaser's exact 
requirements. 



6. WEIGHT LOSS FROM FISH DUKXHO FREEZING AID COLD STORAGE 

A good deal of confusion is created by the claims made in commercial catalogues for weight lost by 
fish during freezing. There is no intention to mislead the reader but unfavourable comparisons are made 
between one freezer and another, and these are often used to represent the general case. 

Freeaer weight loss 

Weight may be lost by dehydration or due to physical damage of the fish during the freesing process. 

Physical damage may be due to agitation during freeiing which results la small pieces being broken 
off | this Is likely t for instance t la freezers where the product Is fluldiied by the cooling air. 

Ifee other form of physical damage encountered during the freeiing process is due to- fish adhering 
to treys or conveyor belts. If the weight loss on, releasing fish from trays is excess lve t the trays 
may require to be sprayed oa the tndormido with water. Fish frocea la continuous freesers with stain- 
less steel link or mesh belts may suffer weight losses due to small particles being trapped la the belt. 

Losses due to physical damage in a freeser should be Mall and need not be more than about 1 percent 
If the correct freeser sad freesing process is being 
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Weight losa due to dehydration in a fraeser depends on 
la air Hart freeaere give rise to the fraataat controversy. 

Weight loa due to dehydration will depend oni 



ber of fact on, and the weight losses 



of frecser 
Freezing time 
Type of product 
Shape and size of product 
Air velocity 
Preeeer operating conditions 

Preeeers such aa plate freecers where the fish in fro sen by contact and releaaed by defrosting 
nill have a negligible weight loes during freesingr Any measured change in weight will probably be due 
to loes of drip before the freezing started, 

Dehydration losses occur mainly in air blast freeze re and in other free Be re which use a gaa euoh 
aa nitrogen or carbon dioxide in direct contact with the product. 

The Io0e of weight in nitrogen, carbon dioxide and other cryogenic freesers will be low by virtue 
of the fact that freezing tines are short* A direct contrast made between a carbon dioxide fraasar 
and an air blast freezer showed that the weight lost from haddock fillets in the carbon dioxide free- 
ser was about half of the weight lost in the air blast freeaer, 0.6 percent compared with 1.2 percent. 
Other cryogenic freesers are likely to give rise to weight losses which are about the ssjaa as that of 
the carbon dioxide freeser. 

Time in a freezer, however, cannot be directly related to the weight loss since the rate of weight 
loss shown in Fig. 50 is not directly proportional to time. More weight is lost at the start of a 
freeze than at the end. 




100 ISO 
TMEMJNS 



200 



Fig. 50 Variation in the rate of weight loss from fish 
during freezing 



The percentage weight loss from small fish will be higher than that for large fish., The rate of 
weight loss is proportional to the exposed surface area, and smaller fish have a greater surfaoa area 
to weight ratio than larger fish, fish frozen individually will lose more weight than fish frozen in 
a block, again because there is a higher surface area exposed. Wrapping fish during freezing will 
greatly reduce the weight loss tat If the wrapper la loose, then weight may still be loat from the 
surface of the fish tat retained in the package. H* package will have the same total weight tat the 
cannot utilise the separated water. 

weight losses are (I 



the 
this would 



in ftfela 8. the differences between different typoa of fraeaer are 

. "*raial litarature would imply.- It should also be remembered that 
M la taa to tha evaporation of surface wateTprobably left from washing the flsh t 
eventually been loat as drip if tha fish had remained unfrosen, 



fee ft** that la seldom considered la that fish kept 
loae more weight than la ever likely In a freasar. 



in iae for a 



of days win generally 
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Table a 

Height loet fro* fiah during f resting 



Product 


Method of freezing 


Percentage weight loaa 


IQF shrinp 


Air blast 


2 to 2.5 


KF haddock 


Air blast 


1.2 


1QF haddock 


Carbon diozida fraasar 


0.6 


IQF product a 


Liquid nitrogen fraasar 


0*3 to 0.8 


Tray of fillata 


Air blaat 


1.0 


I*rge fiah or blooka 


Air blaat 


00 


Blocks of fiah 


Contact freezer 
(natal to fiah contact) 





Oartona of fiah 


Contact fraa&ar 


0.5 within pack 



In view of the weight loaaaa quoted above, claims that fiah may ahow aigna of "freeaer born 11 
or severe dehydration aa tha result of the freezing process would appaar to be unfounded. The shape of 
the weight loss curve shown in Pig. 50 would Imply that freezing times would hairs to extend to many houra 
or even days for "freezer burn 19 to become apparent. 

Cold store weight loaa 

Much has yet to be dona to correlate the rate of weight loss with differences between storage condi- 
tion* but tba rata of weight loss haa been shown to vary with tha followingi 

Temperature 

Temperature fluctuation 
Humidity 
Heat transfer 
Air flow over tha product 
Radiation effects of lighting 
Tha product 

Shape and size of tha product 
of wrapper 



Moat codes of practice only state the temperature for storage. Variations in the other factor* that 
control the rate of dehydration can therefore result in cold stores having widely different storage con- 
ditions. The rate at which the product loaea weight \xy dehydration can therefore vary considerably. 

Table 9 shows rates of weight loaa measured in a variety of stores. The losses are expreeeed aa 
the weight changes per square metre of expoaed fiah aurfaoe. Theae raaulta clearly enow that there are 
treat differences between the quality of cold stores which may be attributed both to their design and 
ode of operation aa well as to tha operating temperature. Apart from the physical loas in weight, 
exoeaeive dehydration results in "fresssr burn 1 *. The overall weight lose, however, cannot be uaed to 
define tha point when "freesar burn" beoomeo apparent. Dehydration only oooura from expoaed aurfaoe* 
and tha rata of dehydration ia greater where tha aurfaoe area to volume ratio is high. The edge of fiah 
filleta and the corner* of alaba of fiah will therefore show aign* of axoeaaive dehydration or "freeter 
bwna* lone befbre toe other expoaed surfaces of the product. For thia reason, "freew bonr* can even 
beooM apparent on glased fiah long before the overall weight lo* ia equal to the weight of glaee 
applied. 

Ibe rate of weight loaa withfn a atora can vary considerably with location. Fiah atored near fan 
coolers, where they are subjected to high air velocities, will quickly show *ign* of dehydration. Fish 
tored against walls remote fro. tha cooler may also suffer high losses due to poor air diatribvtion and 
heat fains f ron the atora walla 



T*bl 9 
tt of might IOM fro fih In oold rtorag* 



type of store 


Average 
temperature 
(00) 


teU of might low fro* 
xpoid rarfaoM pr day 

(/*) 


Jacketed 


-29.2 


0.17 




Jacketed 


-30.1 


0.39 




Jacketed 


-30.2 


0.60 




Halt cooler 


-29.3 


4.96 




Jacketed 


r 15-0 


4*06 




Pipe grid 


-27.9 


0.25 




Chit cooler 


-27-9 


9.34 




Finned pipe grid 


-25.4 


2.30 




thit cooler 


-30.0 


5.0 to 50.0 





lotet lhe laet etore was a large store and the very high results were 
obtained in localities where unfrozen fish were placed in the 
store. 

Fish adjacent to roof coolers may also dehydrate more quickly since the path of moisture migration 
is considerably itorter. Fish near the roof or walls of stores whioh are affeoted by a high incidence 
of solar radiation may also be subjected to higher losses. 

Fiaally t fish in storage whioh have unfrozen or partially frozen fish frequently stacked alongside 
show the highest dehydration rates of all. 



7. FHABOI Of FRBEZIVO AID OOLD STORAGES 



IB aflovrato ooat on only ba a*da for aaoh individual oaao ainoo no many factor* hav* to bo oooai- 
darad which dapaad on looml condition* tad oonoaloa. 

Ihi. *aoMBt OB tharofor* only gin tha raadar cuid* to iA*t diff.wnr*. la oot KM lite]/ to 
to tetMB diffMWBt ijfMlMH* BM iafoxwtioB civm will lm help th* rMdcr tgr Icttinc hla know what 
6Mto Mrt b o9Mid*nd to obtain tte total oork of a prajoot. Aotoal prioo* AM dvm in tho oxanloi 
B tat tagr shoold aot b* mod oxotpt a* a wry orate foidt. BM prlooa qnottd arc only mlid for 
* an ralatad to O.K. prioa at that tiM. DlfformoM Iwtuwa looalitiM and irtdoly ohanciac 
of owroolM dM to inflation and other factor, my ooyltaly ohaafo tho eoat for iadividiiala. 

fcal^wal* operation anally Maw kighar ooata par ttlofrtM of product fioaan. OM Moofao. 
!T2 SSJ" * * * ri|t jar k&loMM of 40 poroant in a plant with a capacity of 
4 ** ^ M^Mwd with OM of 1 800 kA. ttibl, 11 alM ahow bow tha capital oort nlatad to th. 



as the freeaor sise 



the 
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fablt to 

Fretting oott fbr dif ftrent totting utthodt 
(plant capacity 1 000 kg/k froa 45 to -300) 



Ftttting aethod 


Oapital oott 

(as.t) 


fetal 
fettling oott 
(U.S. ont/kg) 


Batch air blatt freeeer 


120 000 


3.0 to 4.0 


Oontinuoue air blatt freeter 


176 000 


3.0 to 4.0 


Horitontal plat* freoter 


100 000 


2.2 to 3.3 


Vertical plait frtetor 


105 ooo 


2.2 to 3.3 


Liquid nitrogen freeter 


75 000 


12 to 14 


Liquid freecant freeser 


160 000 


about 6 



T*bl 11 

Coot of air blast fr*r0 
(Blaat fr*r tunnel with trolley*) 



Weight of fieh 
froBen 4$ to -30C 
(kA) 


Capital 
(0.3.1) 


Capital oost 
(U.S.|/kg par h capacity) 


25.0 


6 200 


248 


45.0 


8 200 


182 


90.0 


14 200 


157 


190.0 


30 000 


157 


500.0 


69 000 


138 


900.0 


103 ooo 


116 


1 400.0 


158 ooo 


112 



the ooete IB Table 11 art x-ffcotory ooete fbr freemer and refrigeration equipMnt only* 

Hit ooete do not include ehipaent, preparation of the titt f tnpplor of eerriott or treotion oottt. 
Ezaaination of Kbit 19 will "bow the wide variation in prodnot heat load likely with otengtt in the 
initial teDtrature of the fieh. Ait attnt that the ooet of frttsing will inortaee ooatidtrabljr in 
SBSSTif t hTfiih ^^rt wa on loading the f^tstr. ^ 



Irregular and inttnrttttnt operation oan alto influence tht ooet of freeiing. At more 
frttstr it optrated and the mr% often it it optrated at full capacity, tat lower will bt the oott ptr 
Idlomnt of rtth fmttn. frttMrt itd during thorl ttttoaal fieheriee fbr inttmnoe will haw high 
fretting oottt ptr IdlogrMtt of fith frottn tinct all tht find oottt mt bt abtorbed bar 
il quantity of fish* 
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Freesin* ooste met also take into account other f motor* than direct Money values. Product freeser 
losses oan be significant especially if the product ie highly priced. Losses oan occur dm to evmpora- 
tion f Mohanioal daaage which results in SOM of the product beiiif r>ctd f and also chanioal daaaf* 
which mr*lj rtduooa the price obtained for the fifth. A note on the likely loeeee in freesere i riven 
in Chapter 2. 

Other quality loeeee mat also be taken into aooount if the freeainf Method ie umuitable or ineuf- 
fioient 90 that there are obvious quality defects. Drip IOBB, and lose in appearanoe or texture will 
lower the sale price and this nay be attributed to freezing process. 

Table 12 
Cost of vertical plate freesers 



HuBber of 
stations 


Koainal capacity 

(*A) 


Coat 
(U.S.S) 


Colt rttlng 

(o.s.t/(kg/S)) 


12 


135 


7 600 


56 


20 


225 


10 400 


46 



Table 



Cost of borizontal plate freezer 



tabor of 
stations 


Plate area 
<*) 


Nominal 
capacity 

(Wfc) 


Cort 
(0.3.1) 


Cost rat tag 
(U.S.$/(kg/h)) 


7 


8.9 


160 


9 600 


53 


10 


12.8 


260 


10 900 


42 


12 


20.8 


425 


13 600 


32 


15 


26.1 


534 


15 300 


29 



Table 14 

Cost of horizontal plate freesers installed 
with refriferation plant 



lumber of 
stations 


losdnal capacity 

<*A) 


Omt 
(0.3.1) 


Cost ratine 
(O.S.lAmA)) 


7 


180 


18400 


101 


9 


232 


26 400 


114 


11 


386 


31 100 


80 


15 


534 


36 000. 


7 
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Tht ooata in Table 14 art those of the freeter and refrigeration plant. fte ooat inolndos trans- 
port to a D.K. tit* and the ooat of installation tat does not include preparation of the alto, eupply 
of aorvioaa such aa electricity and water, aad the orootioa of buildings. Comparing tho ooata in 
Tablo 13 with thoao in Table 14 shows that tho ooat of tho freeser ia more than doubled if the ooata 
of tho refrigeration plant and erection ara Included. 

Ooat * ng of ^t paging 

Costing means a thorough investigation of all ooata likely to bo involved in the freeiing proooae, 
Thia nay bo done to investigate tho viability of a project at the design stage or it aaj bo oaod to 
aaaiat in budgeting and pricing of tho product* 



freezer operators nay already have noil established coating and budgeting systes* and it ia 
beyond tho scope of this dcounont to introduce or suggest system that nay bo appropriate. ft>wavr 9 
guidance can be given on the particular considerations that haw to bo given to a ffroosing plant when 
a coating ia made. 

Ooata are generally divided into three areas I 

First costs 

Annual fixed charges 

Operating costs 

The above costs areas can bo further broken down into individual costs. The following list gives 
sone guidance but individual circunatanoee nay add to or suba tract from its 

First costs 

Buildings 

Land 

Service charges for electricity, water 9 roads 

Freezer plant 

Delivery charges 

Installation charges 

Design and consultation charges 

Refrigerant and oil charges 

fixed ooata 



Depreciation 

Interest 

Insurance . 

Taxes 

Capital maintenance 

Operating coats 

Electricity - refrigeration plant, building* f handling 

Fuel - heating, electrical generator 

Hat or - condensers, washing, gla ting, general refrigerant 

Oil 

Labour - freezer operation, handling, supervision, office 

Plant hire ooata 

Social dues 

Ooata should generally bo calculated aa tho ooat per unit weight (kilograaM or metric ton) of pro- 
duct frozen. Thia gives tho real ooat of the process and alao taicee into account tho plant utilisation 
factor which ia ertremely important. 



Inquiries have shown that there are groat differences between processors in the proportions of tho 
total coat accounted for by oaeh area of coating. Obvious differences such aa tho mbor of hours par ' 
y*ar the freezer plant ia operated can greatly change tho ooat pattern. The method of allocating capital 
ooata to tho freezing process can alao vary widely especially when tho building ia used for other pro* 
ooaaoa. Che nethod used ia to divide tho coat on tho basis of floor apace occupied by tho various 
processes but other methods nay alao bo Justified. Oho ILK* prooesaor divides tho framing ooata in the 
proportions stated belowi 



-62- 

Preperetion labour costs 48jt 

Packaging 10 * 

Freezing 10)1 
Overheads 



source quote* that about half the oot of air blast and plate freezing eye teas ere accoun- 
ted for bj labour charges. 



A worked exaaple of th aethod of coating is fivwn balow for an air Meuit frBr 

900 kf/ftu ^ prlo ar 197^ prioo but tho installation i fiotitious and ia onlj usad to dawaitrato 
tht Mithod of calculation. 

first oost SkSat tLSt 

Building and rvioos 40 000 

Land ' 5 000 

Freextr plant 105 OOP 

150 OOP 
fjx0d oliarjMig 



Depreciation (lO^t) 13 000 

Interest (1?) 18 000 

Insurance and taxes (4%) 6 000 

Capital maintenance (4%) 6 OOP 

/year 
Operating oosts 



Power 60 k for 2 000 h - 120 000 

add 155t for auxiliaries 136 000 kHh 

138 000 kMh at U.S.I O.C^A^ 3 320 

Hater 1 000 

Labour 3 en for 2 000 h - 6 000 h 

6 000 h at U.S.I 4A 24 000 

office work aooountable to freezing 3 000 

Supplies Refrigerant| oi! 9 packaging office 

supplies . 2 000/year 



Poirer $ 520 

Water 1 000 

Labour 29 000 

Supplies 2 OOP 



fixed 4$ 000 

Operating 37 S20 

fetal 



JKX) k*A for 2 000 h -1 800 000 kg 
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If tho fvoeser was fmlljr utilised for 3 000 h/year, the oost of toos'og oul4 bo redoood to 
U.S.t 0.037/kg. 

Cold store frosts 

Cold store costs say be integrated with froeser costs if froosing and oold stoimgo facilities are 
provided at tho ass* tisjs and used only tgr the otoers* Cold stores operating M publio otoroo Md jpro- 
Tidinf low toapoimturo rtorofo foilitio for outto^n will h*vo to .bo oootod to dotonrtm tlM otargo 
to bo ttdo oad tho profitability of tho otoro. 



It in particularly difficult to ffito tbo roador *om guidanoa on tho litelj ooat of a oold otoro 

wilikt froosoro, rofriforatioa ooota aro rolativolj null. Tho aain ooota apt in tbo oottrlruoliOD 
of tha building, propagation of tbo tito and proviaion of aorviooo Thooo ooots will dopand to a groat 
oztoot oa tho location of tho aito. Tho roador ay approoiato bowtvor OOM oooto to iadioato tho likoljr 
ra itifolvod In tho oonrtrtnrtion of a oold rtoro, and tho figoroo fivtn balcw in lv>blo 15'ara QE priootf 
for 1976* Tbo priooa aro for oold atoroa oonatmotod fro* prafabrioatad paaola and dooignod for operation 
at -30C. Tbo prioa inoludoa building* 9 land f angina rooa oquipw*nt 9 olootrioal inotallation and othor 
aarviooa* 



Tabla 1S 
Cold 8toro Coota 



SiM of atcro 

(A 


Coot 
(D.3.t/)) 


500 


121 


1 000 


113 


10 000 


100 


40 ooo 


80 



Coating of oold atora^o 

Tho aathod of ooating oold otoroo will bo oiallar to that 
prooontod oarlior in thi ohaptor can bo mod aa a guide. 



uood for frooioiv and tho chook list 



An analysis of cold otorago oorto in tho U.K* haa ahown wido mriationa in tho distribution of costs 
doponding on tho function and asthod of operation. Sucb facts as whether the oold store is publio or 
private, general purpose or special, used for distribution or for long torn storage, influence tho cost 
allocation and account for the range of costs shown within the brackets. 



fflurioy of oold stors costs 



Clerical 

Order processing 

Invoicing 

Stock control 

Selling 



(13 to 42) 



Postage 
Telephone 



Labour 
Mists 



/ , 

(23 to 32) 
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Sits 

Buildings 60Jt 

Refrigeration (53 to 62) 

(Maintenance, depreciation, taxee, water, electricity, refrigerant, to.) 

Ifes preceding surrey showed that utilisation was an iaportant -factor, and utiliaation should be 
oaloulatsd on a volume basis in astrio tons psr oubio astre. This figure) indioatas not only tha quantity 
la stors tat also rslatas to tha bulk dansity and tha spaoa it occupies. Ths survey also showed that 
iacrsassd asohaaisation did not asosasarily reduce tha handling costs. About JO percent of ths handling 
oost warn accounted for by equipaent and, with public oold storss in partioular f ths cost of pallst lossas 
oan bs high. This fact should not however ds tract from ths importance of hand line foods in and out of 
ths stors quickly sad affioisntly. Loss in product quality dus to poor handling methods is also an 
iaportant consideration. 

Operating costs for a 10 000 oold stors oan bs twios as auoh psr oubio astrs of storafs spaos 
as tboss for a 100 000 a^ stors. His siss of a oold stors is therefore a Ttry iaportant factor in 
oostiaf. 

Privats oold storss ars also liksly to ha*s a lowsr lawl of occupancy than public oold storss siaos 
seasonal stock variations for diffsrant ooK>ditiss ars aors liksly to balaaos saoh othsr in a public 
oold stors. 

fhs following calculation is typical of ths kind that would bs aads by a oold stors operator who is 
hiring out low taqpsratura storage space for already frosen produce. Ths calculation doss not taks into 
account transport oosts outside ths stors sinoa this is assuasd to bs ths responsibility of ths owner of 
ths frosen goods. 

Again it aust be said that ths prices and rates used ars as accurate as they oan bs aads for this 
typs of operation and are applicable to U.K. practice in 1976. However, operators should substitute 
their own figures when making a similar calculation. 

First costs P.S.t U.S.t 

Buildings, land, refrigeration 113 000 

equipment and services 
Additional handling equipment 20 OOP 

JL&8B 

fixed posts 



Depreciation (10) 13 300 

Interest (12) 15 960 

Xnsuranoa and taxss (5<) 6 650 

Capital aaintananoe (4)0 5 120 

iimifi 
Operating costs 



Power 35 ** ft>r 4 380 h 153 300 kHh 

153 300 kMh at U.S.! 0.04 6 132 

Hater 1 000 

Labour 2 aen at U.S.t 160/wnk 16 640 

1 aaa at U.S.I 200/week 10 400 

Supplies oil, refrigerant, office supplies 2 000 



6 132 

Hater 1 000 

27 040 
2 OpO 



16 172>V( 

SBBBSST 
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U.3.1 

* * 1 *> 

Operatim* 36 172 

Total oharges 77 402 

Return on investment required 20% 

Annual profit required ^33 x 133 000 26 600 



Cold store capacity i $00 t 
Estimated utilisationi 60% 
Utilisation - 500 x 0.6 x 365 - 109 500 t days 



Charge for storage - 77 - M5 U-S.I/t/day 



A similar cm 1 dilation can be made for calculating the cost of hiring space within the store rathar 
than on tha basis of cost per unit weight of stored produce as shown above. 



8. FREBZHKJ AT SKA 
Ifhy freese at sea? 

Tha length of tine a fishing boat oan remain at saa depends on the tlsje the fish can be leapt so that 
they are still edible on reaching the consumer* Storage in ioe or by other BJSSJIS which keep the fish 
chilled is adequate for periods not sjuoh in excess of two weeks. Fish such as haddock and cod caught 
In the North Atlantic fisheries oan be stored for up to 15 days in ios and then they rapidly becoms 
inedible. It has been found that fish caught in tropical water can remain edible for even longer periods 
when stored at chill temperatures. This may not be a general rule and the limitation of chilled storage 
must be established by local experience. 

In praotioe 9 the time restriction for storage in ioe often means that fishing vessels must return 
to their horns port with the fish room partly empty* Ibere is therefore a need for some means of preser- 
vation that will extend the storage life without substantially altering the nature of the raw material. 
Quick free sing and cold storage is an excellent way of doing this* 

When newly caught, fish are frosen quickly and stored at a low temperature on beard, there is then 
mo limit imposed on the length of voyage due to spoilage of the catch* Fishing vessels can remain at 
the fishing grounds until the hold is full* Tills effectively increases the proportion of time spent at 
the fishing ground and thereby improves the economics of fishing* Freeiing at sea also improves the 
general quality of the fish landed. It also allows the fish to be distributed to a wider market even 
without the existence of an elaborate "cold chain 19 * Fish which have been frown at sea are of very good 
quality when landed; therefore f more time is available for the fish to be distributed over a wider area 
and still be in good condition* 

Treating at sea has therefore an important role in world fisheries. A look at a map will show that 
large areas of ocean are far distant from say centres of population or even land, sad many potential 
fisheries are therefore unexploitable without a method of preserving the fish for long periods. Only 
quick freesing and low temperature storage has so far satisfied this ased and, as traditional near water 
fisheries become overflshed or are unable to satisfy tha growing demands of an ever increasing popula- 
tion, fraesing at sea will become more and more necessary. 

of freeger vessel 



Fish frosen at sea msy be frosen whole immediately alter catching and, when thawed oa shore, oan 
then be used la much the same way * aewly caught fish or fish traditionally preserved ia ioe. Alterna- 
tively, the fishing vessel oaa operate as a fish prooeseing factory sad the fish may then be filleted, 
packaged sad frosen 9 aad the waste products converted to fish meal and oil* 
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Freezing of the whole fiah has tha following ad rant ages over processing before freezing. Tha 
number of craw required ia not much greater than for a fiahing vassal of comparable aisa preserving ita 
oatch in ice. Processing equipment and hence, factory deck space, ia a good daal laaa. The whole fiah. 
whan thawed after landing, are available for any form of traditional processing. Tha problems assoolatad 
with freezing newly killed fish ara a good deal fewer with whole fiah than with fillete. Jbr tha above 
reasons, It may therefore be advisable aa a first atep for a developing oountry to freeca whola fiah and 
progress to a factory-freezer operation aa tha situation demands. 

Jbw jpod are sea frozen fish? 

Sea-frozen fiah, prepared from fresh raw material and properly handled between landing on daok and 
loading into tha freezer, can be virtually undistinguishable when thawed from fresh fish and the quality 
may be oonaiderably better than fish kept in ice for more than a few days. 

The loaa in quality aa a result of freeain* cold storage and thawing ia insignificant whan these 
treatments are properly applied. Thus, when very fresh fish are frozen at aaa, tha final product can 
be equal to the best on the market. 

PTeegcre for use at sea 

A number of conventional freezers may be used at sea with little modification. The freezer and ita 
refrigeration system, however, have to conform with national regulations and insurance requirements for 
flailing veanels. Kany countries, for instance, do not allow the use of ammonia as a refrigerant because 
of ita toxicity and because there ia a potential explosion hazard. Ifoe design and operation of the 
freezers and the refrigeration system must take into account the movement of the vessel, vibration, sea- 
water corrosion and the extra rough usage likely under the arduous conditions experienced at aea. 
Another factor that may influence the choice of type of freezer is the type and variety of fioh species 
to be frozen. In fisheries where a large number or fish species are normally caught, the freezer ahould 
ba able to cope with this variation in requirements. 

The VPF was specially deftigned for freeain* whole fish at sea. In moat applications, a 1 mm spacing 
between plates was found to be adequate. TMs spacing accommodated a very high percentage of the oat oh 
with only a few oversize fish being rejected. These oversized fish were normally frozen in a separate 
air bloat freezer room. The 100 mm spacing also allowed the fish to be quick-frozen and reduced to tha 
cold storage temperature of -30C in the recommended time of 4 h. 

The U.K. design considerations which lad to a 100 mm spacing being used were based on tha freezing 
of gutted fiah with heads on. Other countries 1 requirements may ba for ungutted fiah to ba frozen or 
for fiah to have the heads removed aa wall aa guts before freezing. Tfcese considerations will have to 
be taken into account aa wall as tha aiza, shape and variety of apaoiaa to ba frozen before a decision 
is made on the preferred plate spacing. 

Another factor to be taken into account with any type of freezer ia tha overall aiza and weight of 
the frozen product. If tha product baa to ba lined and stacked in tha cold store of a fiahing vessel, 
care should be taken that it ia well within tha physical capabilities of tha orew. sinoe there ara great 
differences in stature between different nationalities, maximum block aisa and weight cannot be rigidly 
defined. It has been possible, however, to operate in tha U.K. with 45 to 50 kg blocks measuring 
approximately 945 x 475 * 

Many other types of freezer ara alao suitable for freezing fish at aea, and BPP, brine freezers 
and a variety of air blast freezers have bean used for tola purpose. Moat of these freezers have bean 
described in Chapter 2 but for use at aaa they have to satisfy some apaoial requirements. 

The following design and operational requirementa for freezere to be used at aaa will give the 
reader guidance on whether a freezer is suitable for this application* 

(1) The freeser ahould be easily loaded and unloaded. 

(2) Ifceesers with trolleys ahould have apaoial arrangements to maka them safe during rough weather. 

(3) The freezer should be abla to retain the product during tha loading and unloading prooeduresf 
aerioua damage or injury can result from a dislodged frozen block or tray of fiah. 

(4) H freezer ahould ba abla to operate with part loads which may reault from variations in tha 
oatohing rate. 
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(5) Ths refrigeration system should not give rise to uneven freeslnr due to displacement of *J 
refrigerant with the movement of the vessel. 

(6) The freezer should bo robust. 

(7) The material used in the construction of tho freezer hould bo resistant to seawator oorrosion. 

(8) Tho freezer should bo constructed so that it can be cleaned by hosing with seawater. 

Tho above list is not exhaustive but it is sufficient to indicate that many types of freezer would, 
in faot f bo unsuitable for use on a fishing vessel. 

Spaoe on a fishing vessel is limited especially in the height available between decks. Freezer 
designs and layout should therefore be made to suit this space restriction* The quicker the freeze, the 
smaller IB the size of a freezer for a given capacity. Freezers for use at sea should therefore operate 
under conditions that result in short freezing times* This requirement relates to both the refrigerant 
operating conditions and the product shape and size. Large fish like tuna, however, are fro sen indivi- 
dually* Brine immersion freezers have been used but there has been a recent trend toward air blaet 
freezers for this purpose. Shell-on shrimp and other shellfish are also frozen individually, but apart 
from these few exceptions, freezers for IQP products are unlikely to be required on a fishing vessel. 

Extra care has to be taken with the refrigeration equipment. Pipework should be made secure and 
routed so that it is unlikely to be damaged. The need for a system that can be maintained in a relatively 
leak- free condition has resulted in the use of secondary refrigerants for many shipboard systems. When 
a secondary refrigerant is used, the primary refrigerant is confined to the limited area taken up by 
the condensing unit and heat exchanger. Since secondary refrigerants are liquids which only operate at 
pressures which depend on the pumping requirement and are liquids at atmospheric pressure, there will 
be a greatly reduced incidence of refrigerant leaks. Calcium chloride brine and trichloroethylene have 
both been used for this purpose. The major requirement for both the freezer and the refrigeration system 
on a fishing vessel is reliability. The economy and savings applied to a shore-baaed installation oaa 
be quickly lost if a vessel ia laid up for even a short time. 

Handling fish before freezing 

The layout of a stern trawler provides for a good arrangement for handling fish before freezing. 
The fish are pulled up the stern romp, poured from the net through hatches to the factory deck below and 
then moved forward as they go through the various stages of processing. Obviously, with many types of 
vessel this preferred arrangement cannot be achieved and it would be impossible to cover all the potential 
layouts for the wide variety of vessels now used for freezing at sea. 

The pro-freezing procedures described below are typical of a freezer trawler fishing the Forth 
Atlantic. They may, however, have a more general application, and only minor modifications may be 
necessary to accommodate other vessels and their particular requirements. Fish are not left lying on 
the upper deck exposed to direct sunlight but stored on a sheltered working deck immediately below. 
Ideally, the fish should be kept as cool as possible Immediately after catching and throughout the time 
they are awaiting freezing. Some means of chilling, such as a spray of seawater, ie therefore re commended 
when the fish are subject to any delay before gutting. This cooling of the fish not only helpe to retard 
spoilage but also etope the blood from clotting too quickly. In tropical conditions, it will be necessary 
to provide a means of chilling the water used for this purpose. 

Gutting of fish should commence ae soon as possible not only to ensure the continuity of supply to 
the freezers, but also to reduce the rate of spoilage. There are several important reasons why fieh 
should be gutted as soon as possible after they are caught. First, the removal of the gut reduces 
spoilage brought about bgr digestive Juices in the gut attacking the belly wall. Many of the spoilage 
bacteria present are in the gate of the fish and if the fieh are quickly gutted and thoroughly washed, 
bacterial spoilage will be reduced. Secondly, efficient gutting also releases the blood from the fish* 
When this blood is not released soon enough, or not at all, it clots within the tissues resulting in a 
permanent pink or red discoloration of the flesh. This will detract from the appearance of the fillet. 
Thirdly, the liver is removed. The liver contains a fat which is highly perishable and oould become 
rancid even at low temperatures. Finally, if the gut is not removed and the fish washed, the contents 
of the gut oould -contaminate the fish at sons later stage of processing. Traditionally, some fish may 
only be marketable complete with guts and in these oases a special effort should be made to handle the 
fish quickly. They should be kept chilled and rough handling should be avoided. 

Fish are usually sorted before freezing so that each block or package contains only one species. 
With eome speoies, further subdivision into sise grades may also be necessary. This extra handling for 
sorting and grading is economically viable when a premium prios is paid for graded fish. Some sorting 
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ia required before processing to reject unwanted and undereiee fish and any traah material. Whether it 
ia also feasible at this time to sort the fiah to ba frozen into apeolee and alia gradee will depend on 
individual requirements. 

Heading of the fish may be desirable in some cases. Headed fiah make a more compact block and 
larger fiah may be frozen in some freezers than would otherwiae be possible with heads on. Removing 
the heads also means that the freezers can be used more efficiently and the stowage rate of edible fiah 
in the cold store la also increased* One disadvantage of heading ! that a small but not insignificant 
amount of edible fish is removed with the head. The cut surfaces may alao become discoloured in time 
and trimming may be necessary. 

After gutting and heading, the fish are thoroughly washed in cool, clean water to remove most of 
the remaining dirt and bacteria, and also to wash away the blood that la released. The fish must remain 
in the water long enough to bleed properly. If they continue to bleed after removal from the washer, 
unsightly clots of blood may form on the fiah while they are waiting to be frozen. A time of 1 5 to 50 miu 
in cold water is usally required for bleeding to be complete. However, in practice it la often difficult 
to ensure that all fish are given time to bleed properly. One solution ia to make washing a two atage 
process. The gutted fioh are first put into an open tank where they can bleed while they are kept cool 
by chilled water sprays, and then they are conveyed to an automatic fiah washer where they are given a 
final rinse before freezing. The need for delay for proper bleeding of the fiah before freezing must 
seem an added encumbrance. However, where it is desirable to gut before freezing, time must be allowed 
for the blood to be released from the finh to ensure they have a good appearance. If appearance ia not 
important in the final product, this delay for bleeding may not be necessary. 

Small pelagic fish such as herring are traditionally landed in the whole ungutted state and, when 
freezing species such as theae, freezing ia done aa quickly as possible. The fish should also be kept 
cool since spoilage rate will be higher than for larger fiah that have been gutted. 

Another major problem, which usually only applies when fiah are frozen at sea, is due to the effeota 
of rigor mortis. Rigor mortis or death stiffening is the physical change that occurs in all animals 
including fish as a result of a series of complex reactions that go on in the flesh tissue after death. 
It is characterized by a gradual hardening or stiffening of the carcass brought about by a atepwise 
contraction of individual muscles. Once stiffening is complete, that is when all the muscles have 
contracted as far as they are able, the carcass will remain stiff for a considerable time after which the 
muscles will relax gradually and the carcass will become limp or flaccid. 

Vory often when fish go into rigor, they do ao in a bent condition. This should be avoided aa far 
aa possible since the flesh of the flab on the outside of the curve will be put under a atrain and, when 
rigor eetc in, the extra forces involved will pull the fiah apart. Thia results in gaping of the fillets* 
The fillet on the innide of the curve, on the other hand, will shrink and contract so that two different 
looking fillets will be obtained from the same fish. One will be elongated with much gaping and the other 
will be short and compact. Freezing will of course maintain the fiah in thia bent condition, and will no 
doubt be blamed for the phenomenon. If bent fiah in rigor are straightened before freezing, gaping of 
the short compact fillet will result. The onset of rigor mortis ia quicker at higher temperatures and 
may oocur only 10 to 20 min after death at temperatures near 30C. It is therefore eeaential that the 
fish be chilled quickly if problems due to rigor mortis are to be avoided during freezing. 

If the fish are to be filleted at aea and frozen as fillets, it ia even more important that chilled 
conditions exist along the entire production line. Die reason for thia chilling requirement is that, 
when a fish goes into rigor, there ia a gradual i no re ace in the tension of the muscle fibres and, aa 
long ofl the muscle remains attached to the skeleton of the fish, shrinkage ia restricted. However, once 
a fillet is cut from the fish, thia restraint ia removed and, if the onset of rigor mortis is not complete, 
the fillet will shrink. This contraction gives tha fillet a corrugated appearance and a distorted 
shape. Temperature has an important bearing on thia prooeas. The higher the temperature, the faster 
the shrinkage and hence, the greater the effect in a given time* Fillets that are allowed to shrink at 
a high temperature before freezing can lose greater quantities of drip on thawing* In addition, exces- 
sive flexing or contact with water can increase the amount of shrinkage of a pre-rifor out fillet. 

A fillet taken from a fiah before rigor has aet in will, after freezing and thawing, have a dull 
appearance. This absence of gloaa 10 probably due to the cut ends of muscle cells projecting upward* 
The fillet has a velvety feel and will not, for instance, produce an attractive smoked product. There 
ia no known solution to thia problem ao far apart from delaying filleting until after the oaaet of rigor 
mortis. 

Before freezing, the fiah may be stored in bins of a predetermined volume adjacent to the freezers. 
This ensures that only the correct quantity of fiah ia available to fill the freezers and none are left 
on conveyors. The working apace adjacent to tha freezers should be kept cool to ensure that the fiah do 
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not warm up at thia stage and the bias should be emptied in strict rotation so that no fish lie longer 
than neoeesary. A final aorting check oan be made at the freezer and acme facility should be provided 
for the atorege or return of rejects. 

It must be remembered that any chilling of the fish prior to freezing is not an extra refrigeration 
requirement since any heat removed before entering the freezer means a reduction in the freezer refrige- 
ration loading. Chlllln* therefore oan be a low cost process wlt> considerable benefits in improved fish 
quality* 

frozen fish 



should bo transferred to tha cold etore immediately when they are removed from the freezer. 
Even large blocks of fish war* up rapidly at ambient teaperaturee particularly in tropical olinatas. 
Beat added to the fish at this stag* Beans that it has to be removed in the cold store and this will 
mean some loss in quality* Wherever mechanical aids, such as chutes or conveyors, are provided, they 
should be used since the less handling the frozen fish receives, the lent chance there will be of the 
fish being broken or damaged. Broken or damaged blocks aean that acre storage space is required in the 
cold store and a great deal more handling is also required. Broken and daoaged fish should be kept 
separate in the store so that they can be handled separately at the time of discharge since this may 
require special arrangements. 

Never put unfrozen or partially frozen fish in the cold store. The cold store is not designed to 
freeze and apart from doing this badly, the extra refrigeration load will result in a rise in the tem- 
perature of the store. Partially frozen fish are also more easily damaged during handling and this will 
mean even more damaged blocks and broken fish. When fish are graded before freezing, the blocks or 
packages should be clearly labelled and, if possible, the different grades should be kept separate within 
the cold store. Labels placed on the surface of frozen fish and brushed over with clean water will 
adhere to the surface and this method of marking oan be used if the fish are unwrapped. If wrappers are 
used for the fish, they should be suitable for marking so that the fish oan be identified. Narking the 
fish clearly will allow the fish to be handled more quickly at the time of discharge or at any other 
time when the fish have to be identified and sorted. 

Cold stores on freezer vessels 

The cold store on a fishing vessel should operate at the temperature recommended for shore baaed 
cold store practice. Even if the storage time on the vessel is to be relatively short, it must be 
remembered that any practice that is leas than ideal at each stage of handling and processing will have 
a cumulative effect which may become obvious by the time the fish reaches the consumer. 

The general principles for store design and operation apply to cold stores on fishing vessels, and 
the chapter dealing with this subject should be referred to. 

Loading and unloading of a fishing vessel's cold store is usually done through hatches at roof 
level. This arrangement is a good one since there will be little exchange of air between the store and 
outside when the hatches are open. The cold and therefore denser air in the store will not flow upward 
and be replaced lay warm air. One distinct disadvantage of this hold arrangement is that even small 
refrigerant leaks can result in an accumulation of refrigerant in the cold store and, although tha 
refrigerant may not be toxic, the resulting low oxygen level may be dangerous. Shipboard cold stores 
should therefore have an effective alarm system and the crew should be disciplined to use it end obey all 
other safety rules and regulations. 

frozen fieh in the cold store of a fishing veasal may have to be stacked with a retaining ajatam to 
prevent movement of tha product. A structure similar to that used to fom partitions and shelves In tha 
fish room of a wet fish trawler has been used for this purpose. 

the following figures should only be used as a rough guide since the finer details of store 
const root ion and layout, the shape and aiza of the frozen product, and the method of packing oaa mean 
considerable differences In storage densities for apparently similar installations. 



-70- 



fable 16 

Stowage rates for fro sen fish la the cold 
tor* of freezer vessels 



Large block* of cod (including allowance 
for support structure) 

Largo block* of ood (open stowage with no 
support structure) 

Largo blocks of fillets (including 
allowance Tor support structure) 

Frozen ood B towed as single fish 



2.0 
1.4 to 1*7 

1.2 to 1,5 
2*2 to 2*6 



Insulation of a cold store on board a fishing vessel creates sosje speoial problems. The oold store 
insulation is usually attached directly to the ship's side? therefore, the rib structure of the vessel 
will penetrate into the insulation for some distance. Although the thickness of the insulation need not 
be increased to more than would be necessary for corresponding store on shore f the design should ensure 
that there is an effective thickness of insulation at all points in the etore (Pig. $1). Any internal 
structure within the oold store space should be attached to the main frame work of the vessel with an 
effective heat barrier. Metal or any other material with a high thermal conductivity should not be used 
for this purpose. 



SHIP'S FRAMES 



SHIP'S SIDE 




ADEQUATE 
INSULATION 
OVER FRAMES 



INNER 
LINING 



INSULATION 



Fig. 51 Insulation of a fishing vessel oold store 



Jbaasd-in-plaoe polyurethane insulation has been used for the insulation of shipboard oold stores* 
The application of this type of insulation is difficult and requires skilled operators and speoial 
equipment, Jtalyurethane slabs and other insulation materials have been used tat strict regulations 
about the fireproofing requirements for shipboard insulation have now considerably reduced the choice* 
Loose and blanket insulations by themselves are not suitable for this type of oold store since the move- 
ment of the vessel would quickly settle the insulation and leave uninsulated areas behind the oold store 
lining* In addition, the thermal resistance of this type of insulation is not particularly high sad the 
greater thickness of insulation that would be necessary would be wasteful of space. Increased insulation 
thickness can lie costly on a fishing vessel since only a few centimetres increase in thickness can mean 
a significant reduction in the storage space* A store holding about 100 t of fish, for instance, would 
be reduced to about 95 t if the insulation thickness is increased by only 5 cm. Loose fill insulation 
may however be used in combination with others for instance for packing awkwardly^-shaped areas whore 
cutting of slabs would bo difficult. Another desirable property of an insulation for a steel fishing 

il is that it should be reasonably heat-resistant to enable welding or otbsr heat treatment to be 

to the outer tall* 



tfcfortunately, 
tat a* 



no of the insulations that ere likely to be used can completely satisfy all the 
are significantly better than otters* 
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choice and method of applioatioa oaa only be made after consulting tho relevant oodoa 
of practice or legislation for shipboard insulation for tho country ia idiioh tho vessel la register** 
or inaured. 

fl choice of cooling ayatema available for tho oold stores of fishing veeeele id sjnoh tbo earn aa 
that for othor at ores. Pipo grids, forood circulation cooler* and eoajo aemi-Jaokated arrangomente have 
all boon used auooeesfully. When largo block* of fish art etorod, tbo system selected ohoold not bo 
vulnerable to damage duo to blook handling or movement. Grid* on' tbo oidoo of tbo vessel require to bo 
protootod since a 45 kf blook of flob oaa damage piponork particularly since total io a good doal moro 
brittlo at oold otoro temperature. Plain pipo grid* on tbo roof only bavo boon uaod but, in ordor to 
got tbo required boat tranafor aurface, filmed grido aro usually required and care rat bo taken to 
onouro that tbo frost on the pipes does not bridge tbo air space between tbo fins. If plain pipo grid* 
aro used f it will normally be necessary to continue tbe grido to at least halfway down tbo oidoo of tbo 
bold. 

Attempts bavo boon nado to avoid using wall grids by having two or BO re roue of plain pipo grid* 
on tbo roof. In terms of oold otoro quality, this io an inferior arrangement and also makes defrosting 
ore difficult than when a single row only io used. Cooling grid* together with any protective lining 
take up a good deal of space in a store but, sinoo it is advisable in good storage practice not to otaok 
produce directly against the insulation, not all of tbo grid space will bo additional to tbio requii 



Whatever system ia used f tbe insulation and the cooling grid* must bo protected from damage by tbo 
fish and fish handling equipment within tbo storage apaoo. As in some modern stores on shore, unit 
coolers nay bo uaod and they can bo located outside the main storage area and tbo oold air circulated 
within the room* Arrangements should bo made for distributing this air uniformly. This system baa boon 
used at aea and, aa in a shore-based store, the compact cooler requires frequent defrosting. 

iia loading froozer vessels 

Frozen fish ia obviously a different product to handle than iced fish and cannot therefore bo 
unloaded in the same manner. The prime requirement of an unloading system ia that tbe fiab should bo 
bandied quickly between tho vessel's oold store and tbo oold store on shore. Delays at thia stage 
particularly in warm climates can result in partial thawing of tho fiab with a reaultant loan in product 
quality. 

There ahould bo no delays on tbo quayside, and any grading of tbo frozen fish according to species 
or aise would bo left until tbo produce ia in tbo oold store or at loaat under cover. Ideally, cold 
atoroa abould be adjacent to tho landing place and fiab can tbon bo moved quickly probably by conveyor 
into oold storage. If this arrangement ia not possible, but tbo store ia reasonably near to tbo quay, 
unrofrigerated vehicles may bo uaod for transporting tbo flab provided there aro no delays. Ve hie lea, 
however, ahould be of tbo onoloaed type and they abould bo loaded under a canopy ao that fiab aro not 
exposed to direct sunlight. The capacity of vehicles abould not be ovorlargo since if a long time io 
taken to complete a load, a good deal of boat can bo added to tbo fiab. Even when amaller vehicles aro 
used if there aro delays, tbe vehicle should bo dispatched to tbo oold store with a partial load rather 
than wait to be fully loadod. In some countries, labour may bo relatively cheap and mechanical handling 
mmy bo considered an expensive luxury* In these cases, it may therefore be more economic and even 
desirable to manhandle tbo fiab during unloading. However, if this means long delays and results in 
partial thawing of tbo flab, a quick handling method abould bo uaod. Tbo rate of unloading of fro sen 
fiab from a vessel will depend on tbo alee of blocks or packages or tbo containers used for loooo fish. 
It will alao depend on tbo facilities provided on tbo vessel, such aa number and aiao of hatches, and 
also tbo degree of acceasibility and hence tbo number of men that oaa bo employed at one time. With a 
ajoobanioal unloading ayatem, unloading ratea of 1 to 1.5 t/man hour oan bo achieved with unloading orowa 
familiar with tbo method. Mobile cranea and ship's derrloka bavo alao boon used to unload froeen fiah. 
With tboao methods, tbo fiab aro loadod onto enclosed containers in tbo hold, lifted through tbo hatch 
and transferred to tbo quayaide. This operation abould ensure that there ia no delay on tbo quayaide 
in order to tranafer and aort fish. Storing tbo flob ia containere ia tbo ablp'a bold baa been auggoeted 
bat unleae tbo voaael io apeoially designed for thia purpoae, up to 30 percent of tbo available atorage 
apaoo could bo loot duo to tbo proaenoe of tbo pallota and tbo need for squaring off tbo bold* nia 
would moan that a fiabbold oapablo of otoriaf 600 t of unpalloted froaen fiab in open atorage would only 
bo able to holt 400 t if tbo fish were graded and atored in contains re. Only if a freeaer voaaol reached 
tbo proportiona of a cargo obip would palletisation bo achieved without a aignificant looa oiaoo a 
voaool of that aiao would bavo parallel oidoo for a food length of tbo bold. The stowage ratea givon ia 
Itblo 16 givo mosja guidance for calculating tho likrnly hold capacity. 
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9. TRAISPOHT Of PROMT Pin 

Proten fifth delivered to a destination where they are to to sold immediately are likely to to eaten 
within a few hours and no harm ift done if they are partially thawed on arrival at their destination, 
fhe frosen fifth may ia faet to carried ia uninsulated containers depending on tow long the Journey takes. 
fetoloeed vehicles, however, should to used or at least a cover provided to protect tto fifth f*om direoi 
sunlight. 

If tto tourney is longer, an insulated vehicle will to required so that the fifth especially on tto 
outside of the load do not get overheated on the way. Transit by this method may to ftaitable for quite 
long joufiieyft depending on the initial temperature of the fifth whether the vehicle is fully or partly 
loaded, tto sise of the load, the insulation quality and thiokaesa, the degree of air ingrafts and the 
local oiimatio condition.. Jouraeys of perhaps 500 to 1 000 km may to possible with thift means of 
transportation but only local trial will ascertain the maximum attainable. 

Frosen fifth that are to to transferred to other cold fttores must to transported in an insulated 
vehicle preferably with some form of refrigeration equipment to maintain the air space at a temperature 
of approximately -20C. 

Ihe use of mechanical refrigeration units is the most widely used system for refrigerating the 
vehicle storage *aoe but the following list also names other methods that may to useds 

(l) Mechanical refrigeration using either wall coolers or forced convection coolers blowing air 



throughout the storage space 
employed. 



In ftoae oases, a jacketed system for distributing tto air ift 



(2) Rechargeable euteotio plates, 

% 

(3) Solid or liquid carbon dioxide or liquid nitrogen can to used with a total loss system. 

The ooftt of a vehicle complete with a mechanical refrigeration system suitable for maintaining a 
temperature of -20C would to approximately U.S.S 42 000. This vehicle would to suitable for transpor- 
ting 1$ t of froten produce. Tto price is the 1976 figure for delivery to a U.K. port. 

Prior to loading, the vehicle or container should to pxtoooled and the loading should proceed 
quickly. Palletised loading and the formation of a sealed connexion between tto vehicle and cold store 
are both helpful in keeping tto temperature rise at this stage to a minimum. The sise of a package 
affects the speed at feioh it waiwf the smaller the pack the greater ift its surface area in relation 
to itft volume and the quicker it warms, fig. 52 fthowft laboratory measurements made on a single consumer 
pack and on a carton of the same paokm* Packaging the product in a master carton will olearly reduce 
tto temperature rise during handling outside a refrigerated spaoe. 




fig. $2 Comparison between tto rates at whlofc fifth 
* ia single paokm and cartons warm up 



-73- 



Flsh ait the edges and corners of tht load will warm much more than those at the centre of the load 
during nrofrlgoreted transport, and tht extent of this temperature difference is not oftoa appreciated 
IQT tho operator. Fig. $3 shows tho result of temperature measurements made across tho middle of a load 
la aa anlaralated container. Tho temperature rise was almost entirely In the otitor #0 ma layer of tho 
load which la this OMO WM packed fimly a^aini* tho oontalmr wall without aa almpaoo. It MMt bo 
roMMborod that tho outer JOO lajrer repreeonta a ooxwldorablo part of tho total load* JMr oxqao t 
la a ooatalaor aeaeurln* 5 z 2 x 2 a alaoet 60 percent of the load would be located within 300 M of tao 
wall* 



AMBIENT AIR 16'C 



T 1 




Fig* 53 The effect of position in the load on the temperature of 

frozen produce in an unre frige rated and uninsulated vehicle 

The above temperature measurements made during the transport of frocen fish wore made in a temperate 
climate when the ambient temperature was about 16C. The results clearly show the effects of bulk, site 
and position in a load on the rate of warning when no refrigeration is used. The differences will be 
even greater in warmer climates. 



10. REFRIGERATION PLANT REQUIBQEMEIfrS 

Most of the mechanical refrigeration plant used for freezing and oold storage of fish is of ths 
vapour ocapression type basically consisting of ooaprossor, condenser, expansion valve and evaporator 
(cooler)* 

In simple teras, a refrigeration system takes in heat at a low temperature and rejects it at a 
higher temperature* 

Compressors 

Hie selection of a ooaprossor to suit a particular installation will depend on tho particular 
requirements of that installation, and this job is bettor loft to a qualified person* Detailed info 
tion on compressor design cannot be given in a document such as this. 

As a general rule, froosers and oold stores should not share tho same refrigeration machinery. 
Load fluctuations brought about bty the froeser being loaded and unloaded will result la temperature 
fluctuations within the oold storage space* In addition, when tho oold store only is in operation, a 
refrigeration compressor of largo capacity will bo used for what is a relatively small refrigeration 
load* Apart from being uneconomic, this will result in problems with capacity control* The exception 
to this general rule for not sharing compressors is a very large installation with a multiple compressor 
system aad a competent engineer in charge. 



Table 17 gives 



indication of the wator requirement for various typos of condenser. 
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Tfcbla 17 
Oondenser water requirement 



type of oondenaer 


100 */b freeser 


1 000 m 3 oold atora 


Shell and tube 
(water rejected) 


5 to 7 


10 to U 


Shall and tuba 
with water reoooling 


0.03 to 0.06 


0.06 to 0.12 


Bvaporative 


0.03 to 0.06 


0.06 to 0.12 



Selection of a condenser muat taka into oonaidaration many factors relating both to the ejatem used 
and to the climatic condition*. Selection nuat again be left to a qualified person who ia aware of all 
the relevant information about the project. 



General notes on refrigeration plant 

Duplication of oold atora plant. The value of fro ten product in a cold store can be high and 
precautions must be taken to ensure that the contents are not damaged in the event of a major breakdown 
of tha plant. Cooling by multiple units, each with a separate condensing unit, ia one way of ensuring 
that at least sufficient refrigeration affect ia available to maintain the store at the operating tempera- 
ture or slightly higher if a unit should break down. Another method ia to cross-connect the oold store 
aad fraaaar refrigeration pipework. This allows the freecer refrigeration machinery to be used to oool 
tha atora in an emergency. With normal operation, tha two would be iaolated and only a competent person 
would be allowed to make tha cross-connexion. 

CantraliEed plant. A good policy to follow ia to centralize machinery ao that one operator can 
taka care of all the refrigeration equipment. Care ahould be taken however that tha refrigeration linaa 
to aad from the cooler are not too long. Long refrigeration supply pipes give rise to a number of dif- 
ficulties. Care ahould therefore be taken in arranging plant layout. Plant operation and economics are 
considerations that alao have to be taken into account. 

Standardisation of plant. Standardisation of equipment ia another good policy to follow especially 
ia remote areas. Parts can be interchanged aad stocks of spares will be kept low. If possible, tha 
aame refrigerejrt should be selected for each installation aad similar machinery made by one manufacturer 
ahould be specified. Tha size of individual units ahould alao be standardised whenever possible even 
if it means that some adjustment has to be made in their capacity to suit each requirement. 

Simplicity and reliability. Snail plants seldom justify a full time engineer in attendance; 
therefore, simplicity and reliability ahould be major consideration whan selecting tha equipment parti- 
cularly ia a developing country, tha plant aad all auxiliaries ahould alao be wall triad aad taatad. 
Although these requirements apply particularly when plant ia unattended, conditions in moat developing 
count riaa are such that they ahould be appliad there as a general rule. Whatever incentive there may be 
to purchase plant that ia now aad offers potential economic or other benefits, tha purchaser ahould place 
a food deal of importance oa reliability. 

lUTUlVmiWlTn All refrigeration plant should be wall iart rented. 

Good instrumentation helps tha operator to spot faults before they become serious aad also helps to 
identify them so that maintenance time aad coats can be kept low. 



electrical power required for tha operation of a refrigeration plant dapaads oa many factors 
general figures are seldom quoted. 



iatha 



aa lower tha tamperatura at tha ooolar and tha higher tha 
ia requirad to transfer a given quantity of heat, thia ia 



at tha oo 

shown in feblo 18 V 



power requirement for various evaporating aad oondaaaing temperaturee. 



, tha more 
tha differences 
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Xn addition to tho power roqul 
considered. 



of tho compressor, othor item* of equipment havo to to 



It is obviously difficult to quote general figure* for oitbor froosing OP oold storago roqui 
especially wh*n both tho installed power and tho poak power require**** figures aro noodod to plai 
tho connexion of a suitable electrical supply. 



plan fbp 



Tho oxamples that follow aro therofore hypothetical and merely illustrato tho calculations that 
may ho made at tho planning stage boforo details of tho aotual equipment to bo mod io knowu 

ft?fpgor Power roouirottoiyto, Tho roquiroMnto in Tfeblo 18 aro baaod on a boat oxtraotion fifttro 
of 110 koal/kg of fioh frozen which include* tho heat to bo extract id in reducing tho fioh froa 45C to 
-30C fan power, inanlation boat loak 9 boat from trap*, trolley* f and o on. 

Tablo 18 
Covproaaor power (kW) requironont to frooso 100 



Condons ing temperature 


Evaporating temperature 
-35C -40C M5C 


20 


6 


7 9 


30 


7 


8 10 


40 


8 


9 11 



Additional power requirements that may bo added aros 

Condenser wator pump and fan 0.$ kW 

Electrical defrost (2 r 8 kW in sequence) 8 ktf 

Boor boaters, etc. 0.5 kW 

Tho total power to bo installed for an air blast froosor operating at 30C condensing temperature, 
"C evaporating temperature and capable of freezing 100 kg/h of fish from 45 C to -30C will therefore 
bo 1? kH. Hormally, an electrical defrost will not bo done with tho compressor naming or tho cooler 
fan in operation; therefore, tho maTimiim power requirement may not exceed 12 kftf* 

Cold stcre power requirement s. A oold store of 1 000 sr capacity keeping frosen fish at -30C, 
m^rtmnm ambioot tOBporatuTO of 35 C, would require a refrigeration capacity of 30 000 koal/h. If tho 
operating conditions aro 30C condensing temperature and -350 evaporating temperature, tho oomprossor 
power requirement will bo 20 kW. Additional power requirements maj boi 

Condenser pump and fan 0*6 kV 

Door and undorfloor boating 0.5 kW 

Mechanical handling equipment 1.; kW 

Tho total power required would therefore bo 22.6 kW 

Tho above examples for froosor and oold store power requirements illustrate tho typo of calculation* 
that havo to bo made to determine tho power supply roquirod for a project. Othor factor* and tho appli- 
cation of *afety margin* may, however, inoroaso these calculated values, and expert advice should bo 
takon on this aspect of planning* 



11. 



fiODRIOnUfXCsT PLAIT OPERATORS 



Two poomlo aro important for operating a froesing plant and oold store i tho onglnoor la ohaifo of 
tho rofrigoration plant and equipmejnt f and tho storo operations managor or store kaopor. 
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Whatever tha size, type or function of the plant, a capable parson should bo employad to operate, 
maintain and repair all tba aoulpaenU Tba qualifications and ability of tha o pa rat or required will 
dapand OB whether halp is available locally to daal with major problems in tba plant. Where a fell lad 
balp ia available looally or ifcara tba plant ia small, a qualified refrigeration apaoialiat ia probably 
not required and recruits for tbia poaition naad only ba a kill ad or semi-skilled engineers who have 
experience in otbar industries. Iba engineer, however, baa to ba aalf-raliant, adaptabla and abla to 
afce do with whatever faoilitlae and materials are raadily avmilabla to kaap tba plant operating. Tba 
parson ideally auitad for tbia type of work ia an ax-Murina engineer particularly if ba baa bad expert 
with steam-powered plant* Only a minimum aaount of training would ba naoaaaary to anabla such a parson 
to appraolata tba particular problems tbat ara applicable to refrigeration plant and ba should alao 
appreciate tba reasons for good f reeling and cold storage practice* 

Even in industrial countries, apaoialist training in refrigeration engineering is not widely avai- 
lable and it would ba unreasonable to expect most developing countries to provide an organisation of 
their own for this purpose. However, qualified profeasional engineers have a broad-based training and 9 
where it ia justified, attendance at a short course which deals with refrigeration and food technology 
ay ba all that is required to anabla a qualified person to acquire tba extra knowledge necessary for 
tbia post* 

Fortunately, in moat developing countries with a hot climate, there already exists a pool of tech- 
nicians and plant operators who have gained refrigeration experience with ice-making and air conditioning 
plant* Recruitment fron this source would mean that only tha minima amount of training would ba naoas- 
sary to enable them to operate the new plant* 

Tba recruitment of a qualified store operations manager should not ba difficult. This person should 
ba abla to keep records of the movements of goods in and cut cf tha store, ba responsible fcr stowage of 
tbs goods and be able to keep simple accounts and deal with dispatch and invoice notes. An efficient 
store manager could considerably reduce tha handling costs and improve tha utilisation of tha plant and 
storage space* The parson selected for this post should therefore have good organisational ability and 
have experience in a similar post, but not necessarily connected with tba refrigeration industry* 9ns 
additional training requirement for this person is a course to give him appreciation of tha perishable 
nature of the goods he is handling and a knowledge of appropriate cold store practices for maintaining 
tha quality of frozen fish products at loading, during cold atoraga and at unloading from cold storage 
for further dispatch. 



12* TEMPERATURE KEASUHEXERT OP PISH 

Temperature measurement is important at all stages of fiab handling and processing to ensure that- 
tba fish and their environment ara at a suitable temperature for maintaining tba good quality of tba 
fish* 

Tba temperature of tha fish is important during tha period before freezing ainoa both tba eating 
quality and appearance of tba final product dapand on tba rate of spoilage at this tins* Temperature 
is tha most important factor controlling tba spaad at which fish go bad and even snail differences in 
tba temperature of tha fish can result in discernible differences in quality* Checks should therefore 
ba mads on tba effectivenees of any chilling method used daring tbs porefraezing period by periodically 
noasuriag tba temperature of selected fish* 

Freezing timaa nust ba known in order to design freezing plant correctly* Periodic checks on tba 
fraezar performance ara alao useful so tbat any faults tbat develop can ba quickly corrected. 

vm after freezing, check* ara frequently nada on tba temperature of tha frozen product during hand- 
Iing 9 transportation and oold storage as a maans of quality control* 

All tbsss temperature-measuring rsquirainants naad special instruments and special techniques in 
order to give meaningful results and what follows gives zome guidance on tbs correct methods of tempera- 
ture mjaasuranant to suit each roquironant* 

ratura measurement of waV fish 

In any batch of fish, it is important to know the temperature of tba warmest fish. Depending on 
tba fish are, at tba tins of maasuraant t being ooolod or waiving up 9 tba warmest fish nay ba 
at tba oantra or on tba outside of too batch or container. Ivan wnon tbs location of tbs uanwat fiab 
is ]Bttn 9 it is advisable to tales a nunbar of random tomparaturo nassm Mints, flab 
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A convenient instrument for measuring tho temperature of wot fish is a probe thermometer which has 
boon specially developed for this purpose. Ifco instrument must bo robust and have a rapid roopoMo so 
that readings may bo takon quickly. 

Tho temperature-sensitive element in tho probo should bo small so that tho temperature at tho point 
of tho probo only is indicated. Tho probo should thon bo inserted in tho fish to tho point to bo moasuro 
with sufficient length of tho probo in tho fish to keep errors duo to conduction of hoat along tho probo 
to a minimum. 

It has boon found in practice that an instrument used to moasuro tho temperature of not fish should 
have an accuracy of within cno quartor Celsius degree; tho seals should thon bo graduated in divisions 
of 0.5 Celsius degrees. 

yomporaturo measurement of fish during freezing 

Since fish is frozen from tho outside inward, it is impossible to Judge hy tho outward appearance 
or tho fool of tho fish whothor tho whole of it is frozen. Tho surface of tho fish, which is oloso to 
tho freezing medium such as tho cold air in -an air blast freezer or tho cold motal of a plats freoser, 
will very quickly bo reduced to a temperature near to that of tho freezer. Tho temperature inside tho 
fish will, however, change a good deal more slowly. 

Tho most suitable instrument for measuring freezing times is tho thermocouple potentiometer. Tbo 
thickness of tho thermocouple wire can bo chosen to suit tho product being froson 9 and since it is com- 
paratively cheap and expendable, tho wire can bo out off after froosing leaving a short length in tho 
fish which should bo recovered when tho fish is thawed. 

Sinco tho freezing time of a product is tho time takon for tho warmest point of tho fish to ranch 
a desired temperature, it is ossontial that temperature measurements bo takon at tho points which are 
likely to freeze last. 

In tho example shown in Fig. 54, tho apparent freezing time to -20C can vary from loss than 
1 to 2% h depending on where in the fish the temperature ia measured. The shape of a good toaporaturo- 
timo curve is characterized by a long pause at a steady temperature somewhere between 0C and -3C fol- 
lowed by a stoop plunge to near tho temperature of tho freezer. 




TIME HOURS 

Fig* 54 Position of a thermometer in fish daring freezing 



Tho centre of tho fish or package is not necessarily tho last part to free so | this will happen cnlj 
when froosing is carried out oqually from all sides. Tho thermocouple should therefore bo inserted in 
tho fish so that tho temperature-sensitive point is likely to bo ia tho part that will froese last. It 
is also important that as groat a length of wire as possible is in tho same layer of fish and hence at 
tho same or nearly tho same temperature. This has a twofold purpose t it ensures that there is no 
error duo to conduction of hoat along tho wire and also that, if tho wire is pulled slightly out of position 
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dnring *** loading operation, the temperature-sensitive point of the thamooouple will remain in a 
of the fish that freezes last. 

Small item* such as shrimps are individually too small to ensure that a sufficient length of the 
thermocouple is in the fish. In this case a number of shrimp should be threaded on to the thermocouple 
behind the temperature-sensitive junction which ie then located at the centre of the lent shrimp. 

Thermocouples should be placed in fleh which are likely to have significant freezing times* Choice 
of positions in an air blaat freezer, for example, would include fieh nearest to and farther from the 
incoming cold air, fish cloee to the tunnel walls, at the top and bottom of the load, and at any other 
point where there is a likelihood of fish freezing faster or slower than the average. Once the perfor- 
mance of a freezer with a particular product hae been established, subsequent periodic check* need not 
be so comprehensive. 

In the absence of any temperature measuring instruments , some indication can be obtained about 
whether the fish is completely frozen or not by examination of the product. The surface of fish being 
frozen remains comparatively soft and can be penetrated with a sharp probe down to a temperature of 
about ~4C. If this penetration can be made, the product is far from being frozen* At the completion 
of freezing 9 further examination can be made by breaking open a selected sample of fish* If the fish 
is frozen hard all the way through then the freezing time may have been sufficiently long. If, however, 
the centre remains soft, a longer period is required in the freezer. 

Temperature measurement of frozen fish 



It is sometimes necessary to check the temperature of frozen fish during handling, transport or 
cold storage and difficulties arise because of the hardness of the product. Since a spear-type resis- 
tance thermometer cannot be inserted in a fish that has a surface temperature lower than -4C, it will 
therefore be necessary to employ a different technique from that reoonwanded for wet fish. 

If thermocouples have already been used to check the freezing rate of the fish, the ends of the 
wires remaining in the frozen product can be reconnected to a suitable instrument to measure tempera- 
tures at any time during storage or transport. The fish or packages containing thermocouples should be 
located at points in the store or vehicle where temperatures are most critical or where they are repre- 
sentative of the bulk of the product. 

Where there is no thermocouple frozen into the product, it will be necessary to drill a hole so 
that a thermometer may be inserted but this method is only accurate if the correct procedure is carried 
out. Errors as great as 20 degC are possible when an unsuitable thermometer and an incorrect technique 
are used (Fig. 55). A probe thermometer similar to that described for wet fish temperature measurement 
should be used and the following measurement procedure should be adopted. Remove the fish from the cold 
store and quickly drill a neat hole just large enough to take the thermometer probe* The hole should 
preferably be at least 10 cm deep to avoid errors due to conduction of heat* nils depth of penetration 
will obviously not be possible with all frozen products. Insert the probe and read the temperature 
continuously until the lowest reading Is reached and the temperature starts to rise again* The lowest 
temperature observed should then be within 0*5 d*gC of the true temperature* Error* using this technique 
are mainly due to the fish warming up* The operation should therefore be quick and should not take more 
that 2 or 3 mln* The drilling of the hole hae no measurable effect on the temperature of the fish since 
the heat Introduced Is quiokly dissipated. However, If there is any doubt about this, the hole may be 
drilled Inside the cold store some time before the fish is removed for 
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WIDE, SHALLOW 
E 



\ 



POSSIBLE* ERROR 
20< 



CORRECT 



55 



INCORRECT 

of frosen fish 
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Ibr routine temperature check* of packaged fish, measurement with a blado sanaing unit can be 
accurate to 1 dogC but thia method ia particularly auaceptlble to error in tha hands of an inexperienced 
operator- 



(1) Always moaauro tho moat significant tamporature, tt>*t ie f check those fiah that art slowest to 
cool, quickest to warn or are at tho highest taporatura. . 

(2) la froat a length aa poaalblo of tho thoiwnotor should ponotrato tho fish to avoid orrora dua 
to conduction of heat. 

(3) Moaaura tha tanparaturaa qoiokly with littla or no handling of tha fish. 

(4) Ibo an instrument that responds quickly to tenperatura ohan^es and that reads to within quarter 
Celaius decree of tha true temperature. 

(3) Uae an inatrumant with a small teape ret lire-sensitive element. 

(6) Periodically check and recalibrate all temperature measuring instruments. 



13. SGNE RELATED FACTS AHD PI00RES 

Tha following summary of faota and figures related to fiah freeaing ia only preaanted aa a guida* 
There will be diffaranoaa between species, differences duo to seasonal changes and differences duo to 
processing methods. Therefore, avtn if tha information were available, alnoat inaxhauatibla liata would 
have to ba prepared to cover all eventualities. Thia obviously ia not practical in a document auoh aa 
this, and whan particular information ia required, it should be obtained from other sources. 



Preesin* temperature cf fish 



about -rc 
33* frozen at -2.2C 
80* frozen at -5.0C 



Heat to ba removed whan freezing white fish 



Initial tap.r*tw. 


Final tMq 
-30C 


-18C 


40 


107.7 


100.9 


30 


96.6 


92.0 


20 


90.1 


83.3 


15 


85.7 


78.9 


10 


81.3 


74.5 


5 


76.9 


70.1 



tet ropy and enthalpy of fiah 

(Sao Table 19 * Fig* $6,) 
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19 



ttrthalpgr and ntropgr of ood 



Veaperattir* 

(c) 


fcrthalpy 
dfttw -40C 
(koal/kt) 


Bttrofgr 

(kMl/kff C) 


-40 


0.00 


0.44 


-36 


1.77 


0.45 


-32 


3.60 


0.47 


-28 


5.55 


0.51 


-24 


7.67 


0.55 


-20 


10.03 


0.62 


-16 


12.69 


0.72 


-14 


14.18 


0.78 


-12 


15.84 


0.87 


-10 


17.73 


1.01 


-8 


19.99 


1.27 


-6 


23.01 


1.85 


^4 


28.03 


3.61 


-* 


42.16 


15.68 





77.16 


0.99 


2 


78.90 


0.87 


4 


80.65 


0.87 


6 


82.39 


0.87 


8 


84.14 


0.87 


10 


85.89 


0.88 


12 


87.64 


0.88 


U 


89.39 


0.88 


16 


91.14 


0.88 


20 


94.65 


0.88 


24 


98.17 


0.88 


28 


101.69 


0.88 


32 


105.21 


0.88 


36 


108.73 


0.88 


40 


112.25 


0.88 



Betei aathalmr ie the teat content of the fiah Manured abov* an arbitxmxy 

datw of -4^0. The oban^ in mthalpgr brtwMn 10C and -30C will thtrtfbi* 
indicate the awwt of heat that has to be removed when freesin* fielu 

a Maeure of the heat that hae to be added or eubraoted to 

ohan*e the tewiperature of the fleh bgr 1 degC Ale mine ie eiailar to the 
epeolflo heat of the fleh and, ae can be eeen from Vteble 19, it ie a 
tion of eeniible heat and latent heat at te^peimtvee below 0C. 
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-40 -30 -20 -10 O 10 
TEMPERATURE 



20 3O 



Pig. 36 Heat content of IMA fieh baaed on a datvei of -4OC 



of 



rjbfrosen whit* fieh at OC 
Frozen white fieh at -1C 
Ptosen white fish at -3OC 



y of white fieh 



sole rk^r 



at OC 
at -20C 



0.37 to 0.5 
1.12 to 1.49 
1.61 



1 054 
966 



TJifroMn 
Proven 



0.9 
0.4 



fro en fish 



Whole round fl*h 25 to 3O am in length 
fro sen in blooks 

Whole round fih 3O to 1OO cm in length 
frosen in blooka 

Procen whole fieh 3O to 1OO on in length 
etored ae single fieh 

Prosen whole fieh 3O to 1OO cm in length 
frosen in blooke with allowance fbr 
pal let e 9 paeeagewaj*, eto. 

Plllete frozen in large block* with 
allowance for pall*ta f paeeagewajre f eto. 



Proven fillbte in ooneue)er paote in 

ter carton with allowance fbr pallete v 
eto. 



1.2 

1.O2 to 1.12 

2.08 to 2.5 

2.0 

1.25 to 1.56 



-at- 



<*__ 


-*-~-i*. 


<tattd mifht 
00 


BMd 


21 


25 


(tot* 


7(5-) 




LiTWP 


5 (8-7) 







4 0-7) 




BM*b M 


14 


16 


Vlw A tally flaps 


10 


12 


Skin 


3 


' 4 


flllto, sklaMd 


36 


43 


Ibtel 


100 


100 
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14* oonmsxar FACTORS 



Mrtrie and British ttiiti 



3.281 


Tb obtain fit* Multiply ty 
the following 


tret 


feet 


0.3048 


10.76 


square Metre* 


square feet 


0*0989 


35-32 


oubio net res 


oubio feet 


0.0283 


0.22 


lltree 


U.K. gallons 


4.546 


0.264 


litre. 


U.S. gallons 


3.785 


2.205 


kilograms 


pounds 


0.454 


1.016 


metric ton 


ton 


0.984 


0*00142 


kilogramss per square Mtre 


pounds per square inoh 


703 


3.97 


kilooaloriee 


British tlMiMl wilt* 


0.252 


1.341 


kilowatts 


horvcpowr 


0.746 


0.00156 


kilooaloriee per hour 


hor*powr 


642 


0.001163 


kilooaloriee per hour 


kiloHfttta 


860 


0.0003307 


kilooaloriee per hour 


tow of rfric*ntioa (U.3. ) 


3.024 


Multiply by 
ths above to convert to 



Metric. British and SI Uiits 



Die Inttrhational Systens of (bits (SI lUts) is now widely used sad 
the above units are given belowt 



oonversions relating to 



Mass 



1 metric ton - 1 tonne - 0.984 tons (U.K.) 



kg/- 2 



- 9.807 



1 oal - 4.187 Joules (J) 
1 kWh - 3.6 Megajoules (MJ) 
1 Btu - 1.055 kilo joules (kJ) 



1 hp (U.JC. or U.S.) - 0.746 klf - 0.746 Jbules/seoond (J/s) 
1 hp (.etrio) - 0.736 W - 0.736 J/s 

1 *tt (H) - 1 J/s 



Beat Flow Rate 

1 koal A - 
1 Btu/i 



1.163 J/i 
0.293 JA 



1.163 V 
0.293V 



